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NBOSISE DI 


I nostri lettori osserveranno subito che questo numero 
del nostro giornale presenta una fisionomia del tutto par- 
ticolare, sia nella forma sia nel contenuto: esso è infatti 
compilato interamente in lingua inglese e contiene un solo 
scritto, senza le ordinarie rubriche. 

Il fascicolo è destinato unicamente a rendere noto uno 
scritto rimasto inedito, e in qualche punto incompleto, di 
Giuseppe Massimo Pestarini, il cui nome, noto a tutti gli 
elettrotecnici italiani e stranieri, è indissolubilmente le- 
gato a quella interessantissima categoria di macchine che 
si ricollegano alla metadinamo. 

Si è voluto con questo fascicolo del nostro giornale, ren- 
dere omaggio alla memoria del grande Scomparso che ha 
altamente onorato la tecnica italiana; e, nello stesso tem- 
po, impedire che restasse ignorato l’ultimo Suo lavoro al 
quale aveva dedicato l’attività degli ultimi anni, e che, 
trattando della dinamica della metadinamo, completa in- 
sieme al volume già noto sulla statica della metadi- 
namo, lo studio di questa macchina da parte del Suo 
inventore. 

L'iniziativa del Presidente Generale, prof. Angelini, di 
far conoscere questo lavoro del compianto prof. Pestarini 
sarà certamente assai bene accolta da tutti e ben si addice 
all’indole del nostro giornale che molte volte ha accolto 
gli scritti fondamentali dei maggiori elettrotecnici italiani, 
come, per citare solo pochi esempi, quelli di Giorgi e di 
Allievi. E non è escluso che il presente numero speciale 
abbia ad essere seguito in futuro da altri analoghi fascicoli. 

Aggiungiamo che è intenzione della Presidenza di cu- 
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rare successivamente anche una traduzione italiana del 
presente scritto, sotto forma di una « Monografia ». 

Il manoscritto del presente lavoro era stato dall'autore 
compilato in lingua inglese e si è ritenuto quindi oppor- 
tuno pubblicarlo nella forma originale, anche per dare ad 
esso una maggiore diffusione in campo internazionale; 
tanto più che anche il volume sulla statica della metadi- 
namo è stato, a suo tempo, pubblicato in inglese. 

Il prof. Pestarini non ebbe la possibilità di completare 
il Suo scritto e tanto meno di rivederlo e riordinarlo. Il 
manoscritto richiedeva, per la pubblicazione, un lavoro 
assai delicato, paziente e difficile, di revisione, di riordino, 
in qualche punto anche di completamento. 

Un simile compito, non privo di grave responsabilità, 
richiedeva, in chi si accingesse ad eseguirlo, una profonda 
competenza, una dedizione paziente e disinteressata, una 
fatica pesante anche se apportatrice di intima soddisfa 
zione. 

Fu ventura che si trovasse fra gli studiosi italiani chi 
non esitò ad assumersi un tale incarico e seppe condurlo 
a termine con pieno successo. I tecnici italiani devono es- 
sere grati al prof. Alfredo Vallini che si è dedicato a que- 
sto compito con-la passione, e lo spirito di sacrificio che 
solo l'entusiasmo e la lunga consuetudine di studio pos- 
sono donare. 

La Redazione de « L’Elettrotecnica » è lieta di interpre- 
tare il sentimento di tutti i membri dell’AEI per porgere 
un vivo ringraziamento al prof. Vallini. 


LA REDAZIONE 


IN MEMORY OF GIUSEPPE MASSIMO PESTARINI 


ARNALDO M. ANGELINI © 


In his introduction to the volume, « Metadyne Sta- 
tics », written by the late Giuseppe Pestarini at the 
time when he was teaching at the Massachusetts Insti- 
tute of Technology, Professor Harold L. Hazen, a collea- 
gue of his at the world famous university, noted that the 
book offered a solid foundation for a successive investi- 
gation of the dynamics of the metadynamo, with parti- 
cular reference to the field of automatic control systems. 
Professor Pestarini had, in effect, written a considerable 
part of this « successive investigation » when he passed 
away in the summer of 1957. 

Parts of the unfinished manuscript had, moreover, ser- 
ved as the basis for lectures and for conferences in Italy, 


late husband's manuscripts with such care and for ha- 
ving kindly placed them at my disposal. 

I also wish to thank Professor Vallini individually. A 
former student of our late colleague, he willingly under- 
took the delicate task of revisioning and organizing these 
manuscripts, thus giving thousands of other men working 
in this field the chance to examine a wealth of ideas and 
theories which will unquestionably prove significant. 

The singular zeal with which prof. Vallini dedicated 
time and effort to this work, which he accomplished 
with unexpected energy and skillful competence, should 
earn him the deepest and sincerest praise. But for him 
this great work of the Maestro might never have come 


in the United States, in Switzerland, in Sweden, and pro- 
bably elsewhere. 

It seems to me that the publication of these manu- 
scripts represents the best and most fitting way of re- 
evocating, in these pages (and in a monograph which 
will be published in its original English text and in Ita- 
lian) the stature of our late friend and distinguished col- 
league. He was a man who contributed greatly, in theo- 
retical, experimental, and applied fields, to the progress 
of electrotechnical engineering in general and to that of 
electrical machinery in particular. 

Grateful for the unanimous support which this initia- 
tive received from our Association, from the National 
Council of Research, the National Electrotechnical Insti- 
tute Galileo Ferraris of Turin, and the Department of 
Engineering at the University of Rome, I would like to 
thank Mrs Pestarini for having gathered together her 


(*) by Arnaldo Maria Angelini, Professor at the University 
of Rome. 
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to be published. Prof. Vallini virtually acted as an author 
in that final revision which premature death prevented 
the actual author from undertaking. 

It would be picayune, I think, to talk of Pestarini’s 
work in a purely chronological sense. Instead, I should 
like to recall his brilliance, his influence as a man of rare 
intellectual gifts, and the importance of his work to the 
development of the electrotechnical field. 

Without recourse to conventional expressions of con- 
dolence which would be out of place here, I would like 
to emphasize, above all, that Pestarini was a profoundly 
good man. 

This rare command of goodness was the source of an 
intelligent optimism which never failed him, even in the 
black crisis of the second world war. Pestarini’s calm 
and serenity during those tragic years had a deeply posi- 
tive effect on his friends, colleagues, and students. 

His truly exceptional talents, were, in many ways, 
manifestations of a singular personality. It is not sur- 
prising, therefore, that he applied his intelligence to a 
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wide number of fields outside his specialization; few of 
his colleagues are aware, probably, of his passion for art 
and profound knowledge of design and painting. 

His grasp of physics and mathematics was vast and 
particularly brilliant in certain sectors. The language of 
mathematics came to him almost effortlessly, and he 
used it with remarkable facility. I should add that ma- 
thematics was only one of the languages at his command, 
since he was also perfectly fluent in Italian, French, En- 
glish, German and Greek. 

Whoever attended his lectures, read his books or knew 
the pleasure of his conversation, soon became aware that 
the studies he vent through at the Athens Polytechnic, 
at l’Ecole Superieur d’Electricité de Paris and at the 
Department of Mathematical Sciences at Pavia, were for 
him only the base for later on rehandling and developing 
in an entirely personal manner the knowledge he had 
acquired. 

If, in fact, his writings are occasionally difficult to fol- 
low, it is due to the highly personal way he had of ap- 
proaching ideas. 

Utilizing his powerful analytical ability, he was na- 
turally inspired to produce large and often general solu- 
tions, which he almost always sought along original li- 
nes of thought, far more preoccupied with having his 
audiences and readers participate in his original approach 
to a subject than in following the conventional methods 
already indicated by his predecessors. 

He once said to me, in fact, that he preferred dedica- 
ting his time to generalizing and exposing the scientific 
fundamentals of the electrotechnical and electromecha- 
nical fields according to his personal vision than to ela- 
borating the work of other men. 

It is hardly surprising, therefore, that so many original 
contributions should bear his signature; the most im- 
portant, in a pratical sense, being his invention of the 
metadynamo. As another late authority, Professor Gio- 
vanni Giorgi, once said, « when for decades one had 
heard that the epoch of electromechanical inventions 
was already behind us, Giuseppe Pestarini surprised elec- 
trical engineers the world over with his metadynamo, a 
machine which has proved to bave a great many uses » (*). 

The practical importance of this invention is too well 
known to require further exposition. I would, neverthe- 
less, like to include part of Blondel’s introduction to 
°° Les Metadynes”: «Ce travail constitue un chapitre 
nouveau et important de la théorie des machines à cou- 
rant continu et fait grand honneur à son auteur». And 
Boucherot, in a personal letter to Pestarini dated 1937, 
wrote: «Je connaissais vos travaux théoriques sur ce 
sujet puisque, en particulier, je fus du Jury Montefiore 
à qui vous les soumites. Mais je déplorais, il y a peu de 
temps encore, devant mes élèves, que cela ne sorte pas 
du laboratoire. C'est fait maintenant, et je m’en réjouis: 
Voici enfin que l’on s’engage dans cette voie, que je pré- 
conise depuis plus de trente ans, de l’emploi de transfor- 
mations de distributions à V constante en distributions 
à I constante, pour les appareils de manutention à cou- 
rant continu. C'est vraiment du nouveau. Et cela, je le 
dis encore très sincèrement, par un procédé supérieur à 
ceux que j'ai imaginés dans ce but, il y a longtemps, si 
vous avez réussi à vaincre les difficultés de la commu- 
tation ». 

This invention, which has been defined as «the ga- 
teway to an expanding field of electrical applications », 
developed from the original research done by Pestarini 
on commutation and incorporates, as is well known, a 
generalization of the continuous current dynamo which, 
under the name of metadynamo, includes a totally new 
category of machines able to perform a great number of 
functions. 

The references to the invention of the metadynamo in 


(*) « Il Giornale delle Scienze » - July 25, 1957. 
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the technical journals the world over were significant. 

Metadynamos have been used extensively in the con- 
trol rooms of ships and in the controls of rolling mills, 
in the control systems of large dynamos employed in che- 
mical and other industrial plants, in electric and Diesel 
electric locomotives; (the Illinois Central Railroad has 
widely employed metadynamos in plants of the latter 
type). 

It is probable that the possibilities opened up by Pe- 
starini’s invention will soon be exploited in the vast field 
of automatic controls. 

As strange as it may seem, new applications in the 
expanding category of continuous current machines grou- 
ped under the name of metadynamo would have been 
far more rapid if the great variety of its characteristics 
and, therefore, of electrical and construction schemes, 
had not been so complex, forcing contractors and consu- 
mers to undergo an arduous period of specialization. 

The fact that the metadynamo is Pestarini’'s best 
known invention should not be allowed to osbscure the 
many important contributions he made to other electro- 
technical fields, investigating a number of particularly 
difficult problems which he then illuminated and ana- 
lyzed. 

The index of his publications is a telling indication of 
his professional scope. 

Among these works I should like to point to his pe- 
netrating and important study of ponderous motor for- 
ces acting on electric and magnetic circuits, and, in 
particular, on the applications of the general theories of 
potential electromagnetic and electrostatic energy (a very 
original piece of research); to the determination of the 
tresses in circuits and the means by which they are 
organized; to the study and determination of central 
forces acting on the rotors of asynchronous motors, and 
on the effects of the decentralization of the rotor in elec- 
trical machinery. 

Other investigations of his concerned the wide field 
of magnetizing powers and moments. Pestarini did a great 
deal of work in this field, developing a series of new 
theorems which he applied to a wide range of individual 
problems. 

Various articles dealing with these subjects were pu- 
blished in «L’Elettrotecnica »; others appeared in fo- 
reign reviews, particularly in France. 

During the years he spent in Italy, where he was Pro- 
fessor of Electrical Machinery at the National Electro- 
technical Institute Galileo Ferraris of Turin, and later 
a member of the Department of Engineering at the Uni- 
versity of Rome, he prepared a selection of notes for the 
use of his students and dedicated himself to the publica- 
tion of a work he entitled « Elettromeccanica »; Only 
the first volume appeared, containing the fundamentals 
of general electrotechnical engineering. 

His transfer to the United States in 1947 interrupted 
the writing of subsequent volumes. In the one he publi- 
shed, as in all his writings, Pestarini was characteristi- 
cally concerned with the organization and elegance of 
his exposition, summarizing the results of his theoretical 
research with the originality of approach I have already 
mentioned. 

It is certainly no exageration to affirm that the bulk 
of his work represents a true bounty which young engi- 
neers can use as a basis for their own thinking and explo- 
rations. 

In the note which concludes the above-cited volume, 
Pestarini himself, referring to the contents of the book, 
states that « new subjects must be presented to the pu- 
blic supported by detailed proofs, so as not to invoke 
doubts of any sort. Only after other experts have exa- 
mined and elaborated them will they have been rende- 
red more elegant and more concise ». 

And since I have the volume here beside me as I write 
this, let me include a section of his preface in which he 
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indicates the structure of his method and the approach 
he liked to assume towards his favorite type of problems: 

«The author who is asked to apply himself almost 
continually to unusual problems of electricity, of calcu- 
lation and design, knows that in. the majority of ca- 
ses the conventional approach will lead him only to fai- 
lure; he knows that he is guided to the solution largely 
by means of intuitive reasoning, the result of a privile- 
ged instinct which conforms to reality, an instinct which 
must be regarded as an intellectual gift but which beco- 
mes effective only after a long preparation in rigorous 
analysis sustained by continuous practice; what one asks, 
after all, regarding practical problems, is that they be 
resolved successfully, not the reasons underlying the suc- 
CEss ». 

I have barely touched on Pestarini’s contributions to 
industry and to teaching; let me therefore indicate the 
principal milestones of a brilliant career. 

Having finished his studies at l’Ecole Supérieure d’E- 
lectricité, Pestarini was recommended by one of his tea- 
chers, Janet, to the Thompson-Houston Company in Pa- 
ris, where he was employed in rgIrI and where he rapi- 
dly became the chief engineer. 

During the first world war, he joined the Italian We- 
stinghouse Co. as head engineer and was successively 
appointed consultant to the English company, Metropo- 
litan Wickers. 
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After the publication of his studies on the metady- 
namo, he was offered posts as consultant to the General 
Electric Company, the Allgemeine Elektricitats Gesell- 
schaft of Berlin, the A.S.E.A. of Vasteras (Sweden), the 
San Giorgio of Genova, and many other large firms con- 
structors electrical machinery. 

While working at the San Giorgio, he was invited by 
Professor Vallauri, whom he had met during a brief pe- 
riod of teaching at the Livorno Academy, to lecture on 
the « Construction of Electrical Machinery » at the Tu- 
rin Polytechnic. In 1937, having placed first in the com- 
petition, he received his professorship from that institu- 
tion, later transferring to the University of Rome as a 
professor in the same field. 

The last years of his noble and laborious existence 
were spent in the United States, where he was a well 
known and highly reputed teacher at the Massachusetts 
Institute of Technology, at Columbia University, at the 
University of California, and served as a professor at the 
University of Minnesota. In addition to this intense scho- 
lastic activity, he was also consultant to a number of 
important industrial firms. 

It was, therefore, in the midst of academic and scien- 
tific labours that he passed away, leaving incomplete the 
work which his friends and admirers present in the fol- 
lowing pages, a work which will be added to the distin- 
guished list reproduced on page 330. 
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METADYNE DYNAMICS 


: LINEAR TRANSIENTS 


J. M. PESTARINI 


INTRODUCTION 


The name of Giuseppe Massimo Pestarini is intima- 
tely associated with the invention of the metadyne. 
I suppose the reader is well acquainted with the design 
and features of this machine, and I limit myself to 
quoting the words with which Andrè Blondel, on the 
occasion of the awarding of the Montefiori Foundation 
prize to G. M. Pestarini in 1929, commented on the 
paper on the metadyne: « The paper constitutes a new 
and important chapter to the theory of the electric 
machines of direct current, and does honour to its 
author ». 

Towards the end of his hardworking life, G. M. Pe- 
starini began a work of great magnitude: re-ordering 
his studies on the metadyne. 

By 1952, he had published, through the Massachusetts 
Institute of Technology, the « Metadyne Statics » (J. Wi- 
ley & S. Inc., New York), where he exposed in an or- 
derly manner the basic notions concerning the general 
principles and the static behaviour of certain types of 
metadynes. Later, he had in mind to develop, in a 
vaster program and in the same orderly manner, the 
results of the studies on the « Metadyne Dynamics » 
and the « Metadyne Combinatory ». Accordingly, a com- 
plete series of volumes should have come into existence, 
dealing with the metadyne in the various possible cases 
of operation and in its various types, in such a way 
as to demonstrate the great possibilities and the versa- 
tility of these machines. 

His premature departure has prevented such complete 
program from being crealized, thus depriving technical 
literature of one of the most suggestive works, both 
for originality and magnitude of conception. 

It has been possible, however, to dig up among his 
papers a part of the original manuscripts, reporting the 
material that was to form the subject of the successive 
« series ». Unfortunately, there exist serious gaps in the 
discovered material, as will become evident from the 
schematic account given below. 

From the examination of the unpublished manu- 
scripts, and particularly of the preface to « Metadyne 
Dynamics» it has been possible to reconstruct the 
vast work program that Pestarini had planned to ac- 
complish-the entire « series » was to be subdivided into 
three main parts, and made up of 7 volumes: 


A) METADYNE STATICS (Vol. I). 


B) METADYNE Dynamics subdivided into: 


— Periodic Dynamics (Vol. II). 
— Linear Transients Dynamics (Vol. III). 
— Non-linear Transients Dynamics (Vol. IV). 


C) METADYNE COMBINATORY subdivided into: 


— Systems operating with quasi-periodic law (Vol. V)E 
— Servomechanisms (Vol. VI). 
— Large network stability (Vol. VII). 


As stated above, only Vol. I (Metadyne Statics), pu- 
blished in English in 1952, has seen the light. The other 
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inedited volumes, either incomplete or non-existent, are: 


— Vol. II (Periodic Dynamics): presumably consisting of 
five chapters, has only three complete, namely chapters 
IRE NI 

— Vol. III (Linear Transient Dynamics): presumably 
consisting of 23 chapters, has only the following chapt- 
ersacomplete; Ro IIMITIMIVA SS XXIII 
and XXII. 

— Vol. IV (Non-linear Transient Dynamics): appears to 
be non-existent. 


— Vol. V, VI, VII (Metadyne Combinatory): appear to 
be non-existent. 


Faced with this situation, we felt duty bound not 
to neglect collecting the fragments of the this moment- 
ous and harmonic construction, which unfortunately no 
other Mind can attempt to complete. Since the less 
fragmentary part turned out to be the the so-called 
Vol. III, which should have dealt with the linear trans- 
ient Dynamics, it seemed convenient to start with the 
revision and publication of the manuscripts, beginning 
with chapters I, II, III and IV of this volume, which 
in their total make up a more-or-less complete group 
introducing the discussion of Metadyne Dynamics. The 
next step in our program is to revise and publish at a 
future date the other existing chapters in manuscript, 
both of Vol. III and Vol. II. 

To offer a picture, the most possibly complete with 
the material at our disposal today, of the arguments 
that were to be the subject of the « Series >» of seven 
volumes, we think it useful to make a list of the titles 
of the various chapters, including those already pu- 
blished concerning Metadyne Statics. 


A) METADYNE STATICS (Vol. I). 


AJI - General Considerations valid for all'Metadynes. 


I — Introduction. 

TU — Canonical currents. 

III — Electromotive forces in an isotropic meta- 
dyne. 

IV — Main characteristics of an isotropic meta- 


dyne: a case of rigorously constant rota- 
tional speed. 

V — Main Characteristics of an isotropic meta- 
dyne: a case of an approximately constant 
rotation speed, due to a regulation device. 


VI — Metadyne with substantially variable speed. 

VII — Metadynes complete with external connect- 
ions. 

VIII —- Quasi static properties and static stability. 

IX — Considerations on anisotropic metadyne and 
iron saturation. 

XxX - On commutation. 


AJII — Special Cases of Metadynes. 


XI — Introduction. 

XII — Cross Transformer Metadyne, with sustant- 
ially constant speed. 

XIII - Some transformer metadynes of the order 
ME 

XIV  - Some generator metadynes of the order 
m = 4. 

XV — Some motor metadynes of the order m = 4. 

XVI - Some applications using the previously- 


described metadynes. 
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XVII - Special metadynes of the order m = 4. 

XVIII - Some applications of metadynes already 
described. 

XIX - Hyperstatic metadyne: type-8 transformer 
metadyne. 

XX - Some metadynes of a different order than 4 
(Mm #4). 

XXI - « Rosacea» transformer metadyne. 

XXII - The pliodynes. 


B) METADYNE Dynamics (Vol. II, III. IV). 
B/I - Periodic Dynamics (Vol. IL). 


Preface. 


I - Seven fundamental theorems and a lemma 
on rotating machines fitted with commu- 
tator, with special attention to metadynes. 

II - Revision of fundamental theorems devel- 
oped in metadyne statics. 


III — Metadyne definition perfected. Fundamen- 
tal and complementary equations. The 
theorems of « practical duration of trans- 
ient ». 

IV — (No title or text, only figures exist). 

V — (No title or text, only figures exist). 


B/II — Linear Transient Dynamics (Vol. III). 


Preface. 

I — «S» Generator Metadyne. 

II — Profile of some analytic methods applied 
in this volume. 

III — Generator, motor and transformer meta- 
dynes. 

IV — Amplifier metadynes (text incomplete). 

V, VI, VII, VIII - (No titles, text, or figures exist). 

IX — Applications of the magnetizing moment 
theory (no text or figures). 

Xx — General form of dynamic equations and 


some of their properties. 
X bis — Stability criteria. 


XI — Applications of Laplace transform. 

XII — Applications of the theorem of Laplace 
transform complex inversion. 

XIII - Determination of the roots of a polynomial 
(no text and figures). 

XIV - Applications on the amplifier metadynes 
(text incomplete). 

XV — Some metadynes with simple interconnec- 
tions. 

XVI — Hyperstatic metadyne (text incomplete). 


XVII, XVIII, XIX - (No. titles, test or figures 
exist). 

XX - Dynamic equations coefficients admitted 
by Laurent developments (no text or figu- 
res exist). 

XXI - Dynamic equations coefficients as functions 


of unknown variables (no text or fiigures 
exist). 
XXII — Some application examples. 


B/III — Non Linear Transient Dynamics (Vol. IV). 
(Missing completely). 


C) METADYNE ComBINATORY (Vol. V, VI, VII). 


C/x — Systems operating with quasi periodic laws (Vol. V). 
(Missing completely). 

C/2 — Servomechanisms (Vol. VI). 
(Missing completely). 

C/3 — Large network stability (Vol. VII). 
(Missing completely). 


Even if the publication of the « Metadyne Dynamics) 
should necessarily refer to some isolated chapters of Pe- 
starini's great but incomplete work, I believe it will 
equally be useful in showing the clear method followed 
by him when dealing with problems of some complex- 
ity. Such method should not fail to be of advantage 
in studying electrical machines and plants in general. 
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In setting about this task of revising the work, effi- 
ciently assisted by Eng. Giancarlo Mariotti, I should 
like to express my most cordial thanks to my Colleague, 
Prof. Eng. A. M. Angelini, President of A.E.I., who 
has proposed to me the work of revision and publi- 
cation, thus kindly giving me the chance to honour 
the memory of my great Master, the late G. M. Pe- 
starini. 

ALFREDO VALLINI 
July 1960. 


PROLEGOMENA 


Metadynes are described in a group of interrelated 
volumes; yet each volume is practically autonomous 
and a few sections reminding definitions, frequently 
used devices and some theorems, assumed known in 
this volume, are convenient for a part of readers; the 
purpose of these prolegomena becomes hence apparent. 
They comprise following sections: 


1.) Subdivision of the investigation. 


Fundamental definitions. 


N 


) 
) Form of the dynamic equations. 


3a 

4.) Reactivity. Fundamental and complemental equat- 
ions. 

5.) Arbitrary conditions under which an operation occurs; 
incidents and accidents. 


6.) Asymptotic operation. 


7.) Synopsis of the previous two volumes. 


I.) SUBDIVISION OF THE INVESTIGATION. 


Any system operating under exchange of energy 
may be considered as a complex organism whose ap- 
proximate analysis can be undertaken only through 
abstraction that considers only a small part of the 
operating factors and ignores all others. 

It is convenient to separate the operating factors 
into groups, say, GI, G2, G3, the factors of each group 
having some common characteristics and obeying known 
laws and to investigate the operation of each group 
of factors; then to investigate the simultaneous action 
of many groups. The success of the analysis depends 
chiefly on the choice of these groups. 

This applies to rotating electrical machines, an as- 
sembly of elements greatly influenced by mechanical, 
magnetic, electric, thermic factors to mention the most 
important. 

We are thus led to subdivide the investigation into 
three main parts, « Statics », where the electric variables 
are independent of time, « Dynamics, where these 
variables are functions of time and « Combinatory >, 
where single machines are combined into systems.e 
Dynamics comprises three subdivisions. In a first one 
« Periodics », periodic and particularly alternating cur- 
rents and voltages are considered; in a second one, 
«Linear Transients» where transient operations are 
considered which satisfy linear differential equations 
with constant coefficients; in a third one, « Non Linear 
Transients, are considered operations satisfying more 
complicated differential equations. 

« Combinatory » comprises many subdivisions depend- 
ing on the field of application considered, such as: 
quasi periodic operating systems, servomechanisms, 
large network stability. 

In this volume, « Linear Transients», we will limit 
our study to some of the electric factors neglecting 
insulation, dielectric and iron losses and assuming 
«lumped » inductances and elastances. 
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2.) FUNDAMENTAL DEFINITIONS. 


Here are repated some definitions established in the 
previous volumes: 


— We say that a rotating electric machine which 
shows to an observer, moving along the complete peri- 
pheres of the rotor, repetitions of the arrangement of 
the magnetic and electric elements of the machine, 
has » cycles denoted by the symbol &. 

— Metadyne is a rotating electric machine compris- 
ing at least a rotating member, called armature, which, 
bears at least an armature winding associated with at 
least a commutator bearing at least three brushes per 
cycle. 

— A metadyne is of order m if it has m brushes per 
cycle (72 => 3) and the brushes are indicated by small 
latin letters a, d, c, ..., #; while the terminals con- 
nected to those brushes are indicated by the corres- 
ponding capital latin letters. 

— — Canonical current is a current entering to 
a network by a node, say g, and leaving it in its entir- 
ity, by another node, say 4; it is indicated by I»; 
thus a canonical current entering the metadyne rotor 
through brush g and leaving it, in its entirity, through 
brush %, is indicated by the same symbol. 

— An electric machine which shows the same ma- 
gnetic permeance in any radial direction is here called 
«isotropic ». We shall call also isotropic a metadyne 
which has the same magnetic permeance in any elec- 
trical diametrical direction corresponding to an axis of 
commutation. In the first volume are indicated the 
necessary and sufficient conditions to be fulfilled for 
the usual metadynes for operating as if they were iso- 
tropic. We shall consider here only isotropic metadynes, 
except if specifically otherwise indicated. 

— There are metadynes whose rotating member is 
rotating freely in the air, but more often the metadyne 
comprises two magnetic members roto table with respect 
to one another, and then for convenience of language 
we will assume that the armature winding wearing 
member is rotating, calling it rotor, and that the other 
magnetic member is fixed, calling it stator. Usually 
the stator wears windings call stator windings and 
subdivised into: 


— series windings, indicated by SE where the 
index dd indicates the canonical current /yg that tra- 


verses it, and oc indicates the direction of the axis of 
the flux it creates when /,; is positive; 

— shunt windings, indicated by dda, where the 
index gh shows the brushes between which said winding 
is connected, and oc the direction of the axis of the 
flux it creates when brush g has a higher potential 
than brush 4; 


— variator windings, indicated by ro where the 


upper index indicates the stator winding current /,, 
that traverses it, as generally stator winding currents 
are discriminated by a Greek index; the lower index 
has the same significance as above indicated; a varia- 
tor winding is assumed energized by an external source; 


— vinculator windings, indicated by Vv, with same 
significance of upper and lower indexes and where the 
winding is assumed free from connection to any meta- 
dyne brush and to any external source. 


3.) FORM OF THE DYNAMIC EQUATIONS. 


In considering first the most general case and con- 
secutively coming down to special cases, the develop- 
ment is more concise but it requires a more sustained 
attention and an already acquired familiarity with the 
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subject permitting to separate in advance the essential 
from the supplemental. 

Investigating first special simple cases then more 
complicated ones and finally the most general by admitt- 
ing all possibilities, the development is longer, less 
elegant but easier to follow by students. 

We choose an intermediate proceeding for the lec- 
tures and hence for this volume. 

The general form of differential equations relative to 
Ch(IE ID) 
di 
LI isa flux. Yet there are metadynes having all their m 
brushes fixed with respect one another and then the 
inductance coefficient L is constant; but there are ma- 
tadynes with movable brushes with respect to one 
another and then L is a function of time. In this part, 

we will consider only the former case. 


a metadyne includes terms of the form: where 


4.) REACTIVITY. 
EQUATIONS. 


FUNDAMENTAL AND COMPLEMENTAL 


An analysis of the operation may be carried out 
even when the metadyne is not connected either to 
external sources nor to external consumers and, con- 
trarily to what happens to most of the conventional 
electric rotating machines, the analysis may, in the 
most frequent cases, determine the brush currents when 
the brush voltages are given or reversely, or more ge- 
nerally, given some brush voltages and some brush 
currents determine all other brush voltages and brush 
currents; we say then that the metadyne is a «react- 
ive» one. 

It follows hence that most of the conventional elec- 
tric machines, are non reactive or «areactive ». This 
fact becomes readily apparent when a metadyne is 
decomposed into a pliodyne as indicated in the first 
volume. 

The group of equations relating brush voltages and 
brush currents is called the fundamental group and 
consitutes the nucleus of the metadyne equations. The 
group of equations relating the brush voltages and the 
rotor and stator currents of the metadyne to voltages, 
currents and other characteristic elements of the sources 
and consumers connected to the metadyne, called com- 
plemental group, joint to the fundamental group result 
in the global group of metadyne equations determining 
all the characteristics of the operation. We will here 
limit the development to the simplest relations of the 
metadyne with external apparatus; in metadyne « Com- 
binatory » more elaborate relation will be considered. 


5.) ARBITRARY CONDITIONS UNDER WHICH AN OPERA- 
TION OCCURS; INCIDENT AND ACCIDENTS. 


Most frequently rotating machines are supplied 
either by an electrical network or they are driven by 
a mechanical shaft. In the first case the electrical net- 
work is usually characterized by the constancy of the 
value of an electric characteristic quality as by constant 
voltage, or by constant current or by constant power; 
in the second case the mechanical energy delivered by 
the shaft is characterized usually by the constancy of 
speed or the constancy of the torque, or the constancy 
of the power or by some other characteristic. Accord- 
ingly special incidents and accidents are involved giving 
rise to a transient operation. Thus frequent accidents 
for constant voltage networks supplying many consumers 
in parallel with one another, are the abrupt imperition 
of the voltage, and its abrupt dimination; possible 
accidents are short-circuits and overvoltages. Similarly 
a constant speed prime mover may accidentally stop 
or run at an unsafe high speed; or a constant torque 
prime mover may show abrupt or periodical changes 
of the torque. 
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The investigation of the corresponding transient ope- 
ration, main object of this volume, reveals the stress 
impressed on the machine under examination and in- 
forms about the final behaviour of the machine, thus it 
informs whether, after the incident or the accident, 
the operation returns to its previous form or not, and 
accordingly we use to say that the operation is stable 
or unstable. 

This simple definition of the stability is satisfactory 
in most practical cases but it is incomplete. When sta- 
bility, as the main object will be considered, later on, 
a wider determination will be given and accordingly 
a more exhaustive analysis will be developed. 

Instead of the simple condition of the constancy of 
a characteristic electrical quantity during the operation 
here above mentioned, there are other more compli- 
cated conditions, and we may here mention that the 
advent of metadynes brought forward relations between 
supplied current and impressed voltage graphically re- 
presentable by a conic or a more elaborated curve, 
relations particularly adapted for special applications. 
Such applications will be closer considered in « Meta- 
dyne Combinatory ». 


6.) ASYMPTOTIC OPERATION. 


A «static» operation is the asymptotic form of a 
dynamic operation whenever the abstraction of the 
infinite preexistence is avoided. 

A careful investigation of the metadyne static equa- 
tions may lead us to recognise the probable nature 
of the dynamic operation. Thus if static equations lead 
to definite currents or voltages we may conclude that 
there is a probable building up; if they lead to indefi- 
nite values we may conclude that oscillations are pro- 
bable. 

Let us take the series dynamo connected to an ex- 
ternal resistance as an example. The static equation is: 


nKI-RI=o0 


which for L= o yelds necessarily x K = È, for which 
case I is indetermined. In this case / may be infinite 
or may oscillate; but in order to have oscillations we 
must have the possibility of storing energy in at least 
two different locations. If the speed, x, is kept rigidly 
constant there is no possibility of mechanical storage 
of energy and as a resistor dissipates and does not 
store energy, there must be necessarily a building up 
of current / towards infinity if n» > R/K. If the prime 
mover to which the series dynamo is coupled is of a 
limited nominal power of the same order as the series 
dynamo itself, then oscillations are very probable, the 
more probable the larger the self inductance of the 
dynamo circuit. 

Thus static equations may yield indications on the 
stability of operation. Much more does the investigation 
of the transient operation. Thus although stability will 
be considered more closely in a further volume, yet it 
will be here frequently mentioned whenever the case 
lends itself to a simple discussion. 

Considering the general case we may say that when 
time £ tends to infinite either there is an asymptotic 
operation to which the operation at a finite time ap- 
proaches continuously when time increases, or there 
is a transient operation of infinite duration. In fact in 
case there is not asymptotic operation, in other words 
if there is no law to which the operation tends to comply 
when time increases indefinitely, then some cause, ar- 
bitrarily changing, must intervene in order to change 
the operation with exclusion of any law, and therefore 
we have a transient operation at any value of time 
without limit of magnitudes. 
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The asymptotic operation may have three possible 
forms: 


in a first form the variables tend to a finite constant 
value; 

in a second form the variables tend to an infinite 
value; 

in a third form the variables take values conti- 
nuously changing and oscillating between two limits 
when time increases indefinitely, hence the asymptotic 
operation is a periodic one. The limits of the values 
in the periodic law may be finite of infinite. 


Accordingly we may say that we have a finite direct 
current, an infinite direct current and a periodic current 
operation, respectively. In the latter case we may 
distinguish finite from infinite limits. 


7.) SYNOPSIS OF THE TWO PREVIOUS VOLUMES. 


For the convenience a brief descriptive comment of 
the two previous volumes is here given. 

In «Metadyne Statics» direct current operation is 
considered. The concept of « canonical currents » is fre- 
quently used. A set of canonical currents may replace 
the existing set of non canonical currents and simplify 
the analytical investigation. 

While the basic normal operation of isotropic (or 
equivalent to isotropic) dynamos, alternators, synchro- 
nous generators and asynchronous motors may generally 
be analytically represented by a single equation, the 
operation of metadynes provided with mm brushes per 
cycle, i.e. of order wm, requires generally wm-1 « funda- 
mental » equations, defining a «global characteristic », 
which referred to an hyperspace gives a graphic re- 
presentation to the existing relations between the 
zm-_— 2,.-generally variables 41, %x, ---. famoso Drusk 
currents and brush voltages. In case there are no stator 
windings the sections of the global characteristic pa- 
rallel to two axes, corresponding to two of said variables, 
say 4, and %,, are straight lines passing through the 
origin, in case there are stator windings said sections 
are straight lines which may not pass through the 
origin. 

In case there is a stator «speed regulator » winding 
traversed by a current highly sensitive to small speed 
variations, the above indicated sections are conics, a 
valuable property that widens the field of possible 
applications. 

Commutation in a metadyne may happen at any 
point of the magnetic poles and not necessarily at the 
interpole space; thus commutation appears practically 
impossible. A special chapter deals with this problem, 
establishes some theorems and describes a complete 
solution permitting metadynes to commutate as well, 
at least, as dynamos and some times better. 

Many particular cases of metadynes are described and 
applications mentioned where the machine operates as 
a generator with various kinds of current to voltage 
relations, or a motor with a variety of torque speed 
characteristics, or as a mere transformer, transforming 
electric power into electric power, or as a complex 
transformer transforming simultanuously mechanical into 
electrical power, and electrical power into electrical 
power of different characteristics. 

A special category of metadynes is considered, the 
amplifier metadynes, and their most elemental static 
properties are analysed. 

Another special category is examined characterised 
by the fact that the fundamental and complemental 
equations do not suffice for defining brush currents and 
voltages; such metadynes are referred to as « hyper- 
static metadynes y. In this volume further attention 
is given to this category. 
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A system comprising a group of dynamos each of 
which has a field winding traversed by the armature 
current of another dynamo of the same group is said 
to constitute a pliodyne. A metadyne is equivalent to 
a pliodyne and reversely, when the equations ruling 
their permanent operation are the same. In the last 
chapter of « Metadyne Statics » is shown how to a given 
metadyne there are generally more than one equivalent 
pliodyne. Equivalent pliodynes are always heavier than 
the corresponding metadyne and more cumbersome. 

In « Metadyne Periodics », the operation under alter- 
nating current is considered. The form of the corre- 
sponding equation is generally very different when all 
brushes are fixed with respect to one another and when 
they are movable. in the former case equations are 
simple and may be readily treated by the familiar 
method using a Fresnel diagram and Steinmetz’s com- 
plex number equations. An investigation of the opera- 
tion of these metadynes shows that the characteristics 
obtained approach the ones found in « Metadyne Sta- 
tics » whenever the frequency of the alternating current 
reduces towards zero; that there is almost always a 
creation of reactive power which may be used for ob- 
taining an arbitrarily determined power factor; that 
there are singular values of speed and frequency for 
which the modules of currents increases to a peak value, 
and we then say that there is an «electromechanical 
resonance ). 

« Virtual powers », i.e. powers obtained by transform- 
ing according to predetermined laws, voltages and cur- 
rents, are investigated and some theorems established 
demonstrating the invariancy of some virtual powers 
within determined domains. 

The formula deduced from these theorems permit to 
readily solve problems which would be laborious to 
solve bv the known methods. Such problems arise 
particularly with metadynes having brushes movable 
with respect to one another. The operation of the last 
category of metadynes is again analysed by another 
method using multiple Fresnel diagrams and groups 
of Steinmetz's complex number equations. 

To the new machines brought forward in « Meta- 
dyne Statics, » may others are added in « Metadyne 
Periodics ». 

The fundamental theorems and rules developed in 
the first volume are reconsidered and widened in the 
second and again used and completed in this third 
volume. 

JosepH MAxIMUS PESTARINI 


PART ONE 


TRANSIENT OPERATION OF SIMPLE 
METADYNE UNITS. (1) 


CHAPTER I 
THE «Sy» GENERATOR METADYNE 


The investigation of the characteristics of the dy- 
namic behaviour of each component element of a me- 
tadyne is the main purpose of this chapter. A simple 
case is chosen, the « S» generator metadyne, and the 
action of the armature windings, and that of the va- 
rious stator windings are separately examined and 
commented. No doubt the simultaneous operation of 
many windings gives rise to new characteristics due to 


(1) The general title concern the four chapters, related on the 
present monography and probably some other missin chapters; 
in another section of the ITI volume would be apart interested 
the problem of many metadynes interconnected each other. 
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their interaction, but the basic characteristics pointed 
out in their exclusive operation, generally remain pre- 
dominant and give an imperfect, yet easy, preview of 
the complex operation of the complete system. 

Some new factors of operation and their symbols 
are introduced such as the «reactivity resistance » and 
the kinetic resistances of the metadyne because they 
facilitate the development, unify the form of many 
formulae, and point out important characteristics of a 
metadyne. The analysis requires only brief equations 
easy to memorize and to transfuse into simple physical 
visualization of the phenomenon; the sections of this 
chapter cease as soon as the analysis becomes too complex. 


1.) S generator metadyne driven at constant speed; 
asymptotic behavior. 

2.) S generator metadyne driven at constant speed; 
transient behavior. 

3.) Two dynamos in cascade. 

4.) Addition of series stator windings in the direction 
of the armature flux. 

5.) Addition of series stator windings having their 
magnetic axis electrically normal to the armature 
flux axis. 

6.) Metadyne’s reactivity as a stability factor. 

7.) Behavior of a current traversing a coil supplied 
by a reactive metadyne. 

8.) Action of vinculators comprising resistance and 
inductance. 

9.) Permanent oscillations. 

o.) Shunt windings. 

r.) Insertion of capacitors into the circuit. 

2.) Diagonal vinculator. 


I.) S GENERATOR METADYNE DRIVEN AT CONSTANT 
SPEED; ASYMPTOTIC BEHAVIOR. 


Let us first consider the simplest case where a se- 
condary variator winding is the only stator winding; 
it is energized by some external source and its mutual 
induction with the armature winding is set to zero by 
means of a transformer, 7, as shown by the diagram of 
MO RRIRAIVO CR CONSUTA CISA A CLONE VA 
be the characteristics of the primary and secondary 
circuits respectively. The static equations are: 

OSL EI 
(1) 


> 7 
Oli Ka Ia ra Ri; Iva 


where 7 denotes the speed in revolutions per second 
and the K's are the coefficients corresponding to the 
windings of the machines. These coefficients are consi- 
dered in the previous volumes and their upper index 
indicates the corresponding current that induces the 
e.m.f. while the lower index indicates the brushes bet- 
ween which said e.m.f. is induced. System (1) yields: 


ta n Ki, Ri 
Il  wK+RR, 
n TA nè K Ki, 
I,  nmK+RR, 
where.K = Kg = — K°%, an essentially positive coef- 


ficient of the armature winding and the positive di- 
rection of rotation are dextrorse. 

Values (2) are always finite as the determinant of 
the coefficients of equations (1) is different from zero: 
180), n K 


(3) 


n K — R,| 


We may deduct that the operation is quite probably 
always stable, under the conditions here assumed. 
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2.) S GENERATOR METADYNE AT CONSTANT SPEED; 


TRANSIENT BEHAVIOR. 


Considering again the scheme of fig. 1, let us assume 
that there is a switch in the primary circuit abruptly 
closed, as we will find indeed, that in most practical 
cases a switch is inserted in the primary circuit. 

The corresponding transient satisfies following equa- 
tions starting from t = 0: 


nKY,I,(t}—nK'Ipsa(t) — 


Di 


d 
sani Wa + VE i) lo (t) MB} 
(4) (1 Je 


/ d 
n K Lao 0) — (2 + Ls =) Ira (0) = 0 


where / (!) indicates a current function of time; let 
us assume, further, that: 


l'ao (fi. Lag (= (tor < 00) 


and that /,, was beforehand brought to its chosen value. 
The abrupt closing of the switch inserted into the pri- 
mary is then equivalent to the assumption that the 
current of the secondary variator winding was zero for 


Fig. 1. 


t<o and that it becomes abruptly equal to I, for 
t=0o and remains such hereinafter; in other words 
the closing of the primary swich is equivalent to the 
assumption that the function /,, (t) is a Heavisidean 
function whose value is constant, /.,, for t > o. We 
are also assuming that the flux due to a current ma- 
gnetising a perfectly laminated stack, is synchronous 
to the current. In other words we neglect, for the time 
being, the Foucault currents into the laminations. We 
call here Heavisidean functions the functions which 
are nil for any value of time earlier than an arbitrarily 
predetermined instant, ?, at which instant they reach 
abruptly any other predetermined value and are arbi- 
trarily determined hereinafter; the instant # is called 
the critical value of time for the Heavisidean function 
considered. Such functions are here indicated by adding 
after the parenthesis, a lower index with the value of 
the critical instant. Thus all previous assumptions may 
be written as follows: 
(5) Tac (os Iva (Oo; Iy (to 

where the two former functions are the unknown and 
the latter is known to satisfy: 


(6) Iy (tb) = Iy fort >o 
I, being a constant. 
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Under these conditions, the Laplace transforms of 
equations (4) are: 


(R, +L;)Ia(t) +nKI(t) = 
E 


(7) = n Kiely — 
T 


nKIg,(t) — (R+ tLo)Iaa(t)=0 


where the symbol / (7) indicates the Laplace transform 
of the function of time / (t), the greek letter 7 being 
a complex. 

Solving equations (7) we obtain: 


Igo (1) I 1 RO (E, EI 
(8) Iy T n? K°+(R,+tTt L,) (R+tL) 
Isa (1) I n° K K, 
ip a Ma RITA NO 


The three roots of the denominator of the last fractions 
are: 


To = 0; 


I I Tato 
t, and t,= — sl * 
2 Sha T3 


(9) 
/ I LAY? 4 n? K? 
23 + 
Vo, Ti TRS 
P IE, FL, . 
where dl}. R audeilaz x are the time constants 


p 
of the primary and the secondary circuits respectively. 
The last term under the radical of equation (9) may 
be put under following form: 


4 n K® 4R I 
IO) = +4 a 


E5 1% Toh To 


where the resistance /, is due to the reactivity of the 
metadyne. Its action will further be discussed; will 
call A, and 7, reactivity resistance of the metadyne 
and correspondingly reactivity time constant of the me- 
tadyne combined with the external circuit. 

In case the quantity under the radical figuring in (9) 


is positive, ie., if 4 R°< I, L, | 7 - > "Tie 
p ti 


inverse Lalace transform vyields the solution: 


(i; (d)o TI T2t 
ai Ah + Bi e -_ Ce 
ly 
(II) 
Iva (t)o T.t 
e" Az SE IEEE + Gs e 
1y 


I Lcnt 
lntease4 Resa: | - — — , the radical is 
| DE de 
negative, say equal to — 2 ©, the solution mav take 
following form: ; 


VE, (t)o Tal 
————— = A * Be sin (Qt — gi) 
Ly 
(12) 
Tra (d)o T3t 
= A,+B,e sin(ot— g)) 
1y 
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where: 
I I I I 
tg=— — FI = — 
ti 4n° K2 I TA: 
o tl. pi 
Vv 2 LOU Lo TR 
TRESAG 
and po o Vee 
PT, 


Finally if the radical is zero, the solution becomes: 


t t 


lea (t)o ini dE Freroag 
——— =" A4+ Bje Te + C.te Ta 
Ty 
(13) sare i t 
va (l)o air pe pe 
——_— = 444 Ze Ta + Cit'evnse 
Iy 


wehre the capital lett 
constants. In any casc 
and we may conclu 
stable under the ass 


‘s A, B and C are integration 
‘be transient terms tend to zero 
that the operation is always 
ned conditions. 


3.) Two DYNAMOS IN CASCADE. 


It is convenient for our comments to consider two 
dynamos in cascade each of which has the same arma- 
ture as the metadyne, same air gap, same external 
circuit and rotates at same speed, n. fig. 2 show the 
scheme. As there is practically same reluctance of the 
magnetic circuit we may assume that the inductor of the 
first dynamo bears a coil similar to the secondary variator 
winding of the metadyne and traversed by a current /g . 
Let us call /j the current supplied by the armature 


| | 5) 
Ss 
Fig. 2. 


of the first dynamo and / the current supplied by the 
armature of the second dyvnamo to the external circuit. 
Static equations are: 


nKèIs= Rel; VARIA 


(14) 


with obvious meaning of symbols %, Kò, Re CA 
and following asymptetic solution: 


I n? KE Kòd 
(15) = ——_ 
Comparing with formulae (2), we find now a smaller 
denominator. 
Let us: now establish the exciting current /, at its 

steady value and close abruptly switch S. Repeating 
the arguments of the previous paragraph we obtain 
following Laplace transforms for corresponding dyna- 
mic equations: 

n Kd Is 

——— = (Re + t Le)Ie(1) 
(16) T 


nKEIs(v)=(R+tL)I(t) 
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hence: 


I (1) 


Is pb R RS 
ape] Fas T 
E Ta 


Let us consider the following decomposition into simple 
fractions: 


n? Kè K£ I 


(17) 


TI A B E 
(18) = + + — 
(t_-]a)-(t—-B)-7 T_-a t_--B "7 
we obtain: 
n I I 
(to) eda 98) ; Ca 
a (a — f) Dalibiin) a fb 


except for the case f# = « for which following decom- 
position 


I D E F 
SP "n 
(T— a)? 7 (T— a)? T-X E; 
vields: 
I I I 
(20) D= —- PEZZA: PRE 
x at a 
Correspondingly we obtain following two solutions: 
a I RR I 
I zi: € A DA 
n case 7 F a na T, there is: 
ò t 
5 n? K€ K n — — 
LR) gd Ti 
I$ R Rg DE 
— I 
(21) T 
t 
I — ——- 
st enite 
IP 
—I 
Tg 


IRE: CS theresist 


I n? K€ KÎ 
(22) = 


13 R Re 


In order to compare the results, let us determine the 
integration constants of the solutions (11), (12), and 
(13). We may, for convenience, put: 


I 1 


alii sali ilana 
Ti Ta 


and write the second of equations (11) as follows: 


0 n? K Kc 
IS n? K° + RR, 
(23) i 
I ca are LI 
I + e Tag — 
TB Ta 
—— —I — I 
Ta Tg 
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The coefficient outside the parentesis may be written 


as follows: 


gg ; 
NERISAISITA ISEA VEDI 


R,R+R? a Ra Rit Ra 


Form (23) is valid for all cases except when the radical 
of (9) is zero, for which case the second equation (13) 
with explicit integral constants becomes: 


Iva (d)o 


ly 


(ZAN) t t 


pr dia ep ta 
gia 


while the critical reactivity resistance /t,,, and time 
constant, 7,,, are defined by following equation: 


I IA 
IAT, = Ale a H “La Ls 
4\T, 1, 


Let us limit our comments here to the practically im- 
portant case where 


dat 
VARIA 


Ro 


(24,2) 


(25) INS andesinulerim vee 

Under these conditions the second exponential of 
equation (21) may be neglected with respect to the 
first one and the latter may be simplified as follows: 


t 
SK a 
(26) mm i 


KR Re 


The time constants 7, and 7g characterizing the 
operation of the metadyne depend not only from the 
time constants 7, and 7; of the primary and the secon- 
dary circuit but also on the the reactivity resistance ft, 
or better on the reactivity time constant 7,; thus we 
will take the latter as independent variable. This var- 
iable shows a critical value, 7,., for which the radica- 
of (9) vanishes passing from real to imaginary values. 


2 
This critical value T,,c is determined by: 


4 I 1 Ne 
PI ( 
lar EE de, 
hence: 
TE TE 
(28) Tae +4 
TESEZZIEE 


The differential equations (4) from which we started, 
consider only resistances and inductances for the sake 
of an easier beginning; in alternating current metadynes 
capacitors are generally inserted into the circuits and 
the corresponding differential equations lead to more 
laboring comments developed later on. If 7, and 7, 
remain real, the critical reactivity time constant rem- 
ains real as well. 


When 1a varies from infinite to 0 GR Ti 


vary from 7, and 7, respectively to following critical 
values: 


and Tg 


; ele: 
(29) Tac ssi T Ric = 3 => 
nie 
de TESTE 
=2T, | A DA e 
T, T, 
838 


For lower values, until zero, 7,, and Tg are complex 
whose real part remains constant and whose imaginary 
part increases from zero to +j00. The diagram of fig. 4.a 
shows the real and the imaginary part of 7, and Tg 
respectively: 
(30) k To A R 1g È È To a "4 1g 

as functions of 7,2 for real positive values of L,, Ls, 
R,, R, and for T,=t1If10 T,. When the reactivity 
resistance /, increases from zero to infinite, the larger 
time constant of the two exponentials figuring in so- 
lution (23) decreases from 7; to a value smaller than 
2T,, remains constant at this value when K, is larger 
than the critical reactivity resistance, /,,,, satisfying 
equation (28), and the transient becomes oscillatory. 
For the same variation of /, the smaller time constant 
of the two exponentials of (23) increases from 7, to 
less than 27,. We may conclude that the operation 
is then always stable. 

When T,= T, while f, increases from zero to in- 
finite, the operation is stable and the transient is always 
oscillatory, except for ff, = 0, for which case the trans- 
ient takes the from (24,1). 


4.) ADDITION OF CONIUGATE SERIES STATOR WINDINGS, 
IN THE DIRECTION OF THE ARMATURE FLUX. 


Any series stator winding may be decomposed into 
two others, one having its magnetic axis along the 
primary commutating axis and another having its ma- 
gnetic axis along the secondary commutating axis. 
Therefore the four series windings 2, 3, 4 and 5 of fig. 3, 


may represent any combination of series windings for 
an S generator metadyne. 

Let us first consider the action of the secondary 
series winding 2 having its magnetic axis along the 
secondary commutating axis and being traversed by 
the secondary current, /,; , while all other series wind- 
ings are supposed non existing. 

The direct current asymptotic equations may be 
written as follows: 

nKY,I,=nKla+ KE I3+ R 
Lacie (e bd fac tbd T ac 
(31) 
O=WKI--Rilya- 


The coefficient LIGA corresponding to winding 2 may 


be positive or negative i.e. the winding may be an 
amplifier or a compensator. 


— n K(K+KÉ). 


ac 


| 
(32) Deal \=e=Pfap = 
inK | 


It is always different from zero when winding 2 is an 
amplifier or an hypocompensator; it becomes zero for 
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following critical values of an hypercompensator: 


R, R, 
(33) ae K ; 


n? K 


For values of KÈ, smaller than XK, the corresponding 
reactivity resistance has an imaginary value: 


R= IRVIK [RE K|. 


When (33) is satisfied the value of the solution Iva (1), 


L, 


tends to infinity leading us to expect a building up. 
Note that the critical value (33) is practically reached 
when the compensation is complete (100%) because 10, 
is very small in almost all constructed metadynes. 
At the same time the solution of equations (31) de- 
prived of the first member n KE, Ly. takes the form 
0/o, i.e. it becomes indefinite hinting to probable si- 
multaneous oscillations because there are at least two 
different locations for energy storage, the primary and 
the secondary magnetic circuit which although have a 
common part, have a large non common part. If the 
prime mover is further unable to drive at constant 
speed for any load, other oscillations, of electromechan- 
ical character, may coexist. 

The corresponding critical values, 7,, of the speed, 
determined by equation (33) are real but practically 
very small when winding 2 is an hypocompensator 
with a degree of compensation fairly lower than 100%, 
because /, is generally very low. When the degree 
of compensation approaches 100%, 7, increases rapidly 
reaching the field of the values the rotational speed 
is given in the practice. 

The ratios of asymptotic primary and secondary cur- 
rents to current Ly are: 


(34) 


Ti nK2, R, 
i FI 29 B i ) 
ly n? K(K4+ Kia) + RE ra 
(34,1) y 
Iva DIE pr 
= du | 
1y n? K(K4 Ka) + FR, 


and fig. 5 and 6 represent them for the case of an hy- 
percompensator. 

The critical values n, correspond to an electromech- 
anical resonance. 

Assuming now switch S is abruptly closed when /, 
is established we obtain a transient operation whose 
differential equations have following Laplace transform: 


(R, + 1 Lp) Ia (1) + n (K + KÉ) Ia() = 


I 
DIA 
= Ig == 
T 


n KIg(t) — (Ri +TtL)Isa(d)=0. 


The determinant, D, of the coefficients of equations 
(35) may be written as follows: 


ta Lg 
(36) i B 
+ R,R+#K(K4 Ka) = 


The square of reactivity resistance, /,, and of reac- 
tivity time constant 7,, defined by: 
2 B 2 Ly ts l 
(er ERI BR) ML n° 
n? K(K + Kaec) 


take negative values when KÉ == di: 
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The corresponding diagram, given by fig. 4.b covers 
now the whole coordinate plane; let us construct the 
left semiplane branches; for R, = 0 and 7,2 = do we 
have Tx = T, and Tg =T,. with form .(22)) When 
I° takes negative values with increasing modulus, the 
solution keeps form (24,2) and the operation is stable 
until following critical value is reached: 


(38) Tie Ea pop 


for which one of the roots, say root TI, becomes zero 
and remains hereinafter positive for increasing modulus 
of /t,*, showing a building up of primary and secondary 
currents towards infinite, building up more violent for 
larger values of the modulus of /,?. The diagram on 
the right semiplane is the same as that of figure 4.a 
For a determined external circuit, the diagram of fig. 4.a 
admits only one variable, the speed 7, while the dia- 
gram of fig. 4.b admits two variables, the speed », and 


the coefficient i 


Ila 


Î Toe 


stable operation 


Fig. 4.4 


It is important to note here that equation (38) coin- 
cides with equation (33) extracted from the direct 
current, permanent state equations. 

Note further that the reactivity time constant of 
constructed metadynes take values equal to a small 
fraction of a second when the metadyne has neither 
compensators nor amplifiers. 

We may generally conclude that the secondary com- 
pensating winding reduces the quick response ability 
of the metadyne and causes instability almost imme- 
diately as the degree of compensation excceds 100%. 


In fact let us modify continuously the value of RÈ 


from o to + 0, the representative points starting from 
the infinity at right, to which corresponds 7,° = +00 
out a degree of compensation 100%, traverse the whole 
semiplane at right reaching the axis of the ordinates 
when £,° = +00, 7,2 =o and the degree of ampli- 
fication becomes infinite. All this region I (fig. 7), is a 
domain of stability. Starting now from the infinity at 
left, T,. = — 00, i.e. from the value R,° = 0 and 100% 
degree of compensation, and letting R,° take negative 
values, the representative points traverses the region 
III, still a domain of stability until a line $ gq is reached. 
For increasing modules of the negative value of /t,?, 
the representative points traverse region Il a domain 
of instability. R,2 reaches the critical value: 


(RIA 
"e 


for KÉ. slightly smaller than —K because both /, 
and R, are small as compared to n K, and particularly 


R, is of the order of 1% of n K and even smaller. Thus 
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instability is reached usually when the degree of com- 
pensation exceeds 100% (?) of less than 1%, and it 
becomes more evident when the degree of compens- 
ation increases. 

On the contrary an amplifier enchances quick response. 


"== 


ea 


where the reactivity time constant may now take real 
and imaginary values even with compensators comp- 
ensating the armature more than 100%. The action 
of the primary compensator can modify radically the 
action of the secondary one, amplifiers being comprised 


+ 
st 


N 
Si 


—-c--reomonor——=—=-—===-- 3A I -—gt-------7=-37===55 ===" ==" 
Vga > ner dara sam 0Y 7; 7) Vl 41 4 4 3 Uri 
o - 733 "750 È 2007 G50 VEE] q25 G20 
020 025 VEE] 9,50 7 x } ] 
f ff, 
/ 
TT sf 9)? s] 
5A) ha 
I 
Ù vi 0a) 
si DE - 
12% h z 7 (A 
I 
{ 
1-25, 
Fig. 1.25 b 
Let us now consider both series winding 2 and 3 of by considering them as compensators with negative 


fig. 3. The Laplace transform of the corresponding 
differential equations, under the same boundary cond- 
itions assumed before, are: 


PIENA CRI) 


I 

n 
= Ka ly_ 
Ù 


RT KEEL 


Fig. 


Sia 


and the determinant of the coefficients is: 


B 


ac 


)(K+ KG) + 


e i 


-La|( Ja 


SEME 


I 


U qpe== 
dh 


D 


(2) An operation with a complete 100% compensation, is an 
operation at the border. 
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degree of compensation. 
The corresponding diagram covers both semiplanes 
and it is the same as that of fig. 4.b except when there 


: a x ; i, 
is always KÎ. = K,a ; for which case the diagram covers 


only the right hand semiplane and it is the same as 
that of fig. 4.a. 


Fi 


(ca 
Sa 


All series windings in a metadyne may be «con- 
centrated >», i.e. coils interlinked with one or more polar 
segments complete, or they may be «distributed », i.e. 
coils distributed along the air gap and thus interlinked 
with only a part of one or more polar segments. The 
construction of the compensators, with positive degree 
of compensation, under the « distributed » form, has the 
advantages of reducing the iron saturation on the horns 
of the polar segments and of more equally distributing 
the voltage induced between consecutive segments of 
the commutator and thus easier admitting high voltages 
and reducing flash over possibilities. The construction 
of « distributed » winding requires higher cost and larger 
sizes than the manufacture of « concentrated » ones. 

It is now obvious that amplifiers, with positive de- 
gree amplifications are more convenient under the 
« concentrated » form. 
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5.) ADDITION OF CONIUGATE AND QUADRATURE SERIES 
STATOR WINDINGS HAVING THEIR MAGNETIC AXIS 
ELECTRICALLY NORMAL TO THE ARMATURE FLUX AXIS. 


Such windings are stabilizers and stimulators. 
The Laplace transform of the corresponding differ- 
ial equations, under thè usual boundary conditions, are: 


(R, ar Sao sat Li Igg/t) Sh 


SCI I) E E 


"i 
(40) = n KZ, I, —- 
T 


(a (IK Li) ai Tia) l'al 


eee ero, 


where /, is the reactivity resistance of the metadyne: 


2 
AM 
Mo MRI IRC 


(44) 
the roots 7, and 7, of the determinant are: 
Ti 

— I 
= esa È Ro +LsRr + 
+nL(K--Ko+ 


ENG E TR A) 


(45) 


where the squared parenthesis into the radical is sup- 
posed to contain the quantity written outside the radical. 

Formula (45), in spite of the abreviated symbols, 
is more laborious to comment than the ones considered 


To=-h% 


stable operation > 
q 


The coefficients K% and K RÉ, refer to windings 4 and 


5 respectively (fig. 3); these coefficients are positive if 
said windings are stabilizers and negative for stimul- 


. bd 5 
ators. Coefficients L% = Ly; represent the mutual in- 


ductance between primary and secondary circuits and 
for the sake of simplicity we will cancel the suffixes. 

The secondary variator winding has now a new zero 
mutual induction with winding 4 traversed by the 
primary current, but by means of transformer 7! the 
total mutual induction between the primary circuit and 
the secondary variator winding circuit is assumed to 
be reduced to zero. 

In order to simplify scriptures we will put: 


URTI KS =flioa R, + KÉ, ICE 
(4I) 
RE ok; ari, e 


x 5) da 5 
and we may refer to n Kae and n K,; to «kinetic resist- 


ances). 
Equations (50) may then be written as follows: 


(R, + TLp)Iac(t) + (n REA TA 
I 
(42) =nK, == 


T 
le) la Lo) Isa (T) = 0. 
The determinant of the coefficients is: 
AMET] i a A a 


(43) | 2 
bo blKy Ka |a Rot dt 
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Ti 


2_4/TpTs 2 
Fi-H(25) 


ble operation 
Lai 


& 


NI 


in the previous sections; following considerations may 
help simplifying. 

The coefficient L is the sum of two others, say L' 
and L', the coefficient L’ being due to the primary 
flux of the metadyne and the coefficient L” being due 
to the secondary. Assume that windings 4 and 5 (fig. 3) 
are both stabilizers and that windings 2 and 3 are either 
hypocompensators or amplifiers or non existing, then 
under the usual admissions in these books (i.e. assum- 
ing that » is positive when dextrorse and that the 
armature winding is dextrorse) the direction of the 


Fig. 8. 


fluxes created by armature and the corresponding hypo- 
compensator or amplifier, is given by the arrows inside 
the circle representing the armature in fig. 8 when the 
primary and secondary currents are positive; under 
same conditions the external arrows show the direction 
of the fluxes created by the stabilizers. It is thus ap- 
parent that L’ are of opposite signs. 

On the other hand the formula of the time constants 
of the transient currents show no difference of effect 
between the action of the primary and of the secondary 


841 


J. M. Pestarini — Metadyne dynamics: Linear transients 


circuit; we can thus modify to some extent one of these 
circuits and yet obtain same values of time constants 
of the transient currents by an appropriate alter ation 
of the other circuit. 

Thus we may frequently reach equal absolute values 
for L’ and L" and hence have L = o. If it is necessary 
a corrective transformer interlinking both circuits, pri- 
mary and secondary, may be inserted. 

Formula (45) is then and may be written as follows: 


«4 T I I 
da © = = na cia 
) A Ta 
(46) 3 
/ I I \H 4 | 
where: 
«me ue Me 
(47) Tr= — ji To = — 
dae > 7A 


and then the comments are formally the same as the 
one developed in the previous section while the nu- 
merical values and practical results may differ widely. 
Take for instance the case already illustrated by the 
diagrams of fig. 4.a and 4.b where 7, = 10 7 ,and assume, 
for the sake of simplicity, that these may be only hypo- 
compensators and amplifiers. Then only the right se- 
miplane branches exist, for which stability of operation 
is always obtained. The minimum value of the larger 
time constant of the transient was found equal to: 


Ty di, 3 
(II ee + DES 
fi n 


With the adoption of stabilizing windings said mi- 
nimum becomes: 


/ I If 6 
Tha = 20 a } Fat 
Ha Pea 


Yet we may arrange the metadyne windings for ob- 


(48) DA=-#2 


(49) 


I I 
taining T_ = asi T,andT, = T, and hence have 
I 
(50) Irreih = TOIII 
5 


a remarkable result, which would reduce the overall 
apparent time constant of the system to a few percents 
of the time constant, of the circuit energized by the 
metadyne. Although imperfections in the construction of 
the machine reduce the effect of the reactivity, yet, 
practically it is so striking that, in shop incorrect parl- 
ance, it is said to « wipe out » the self induction of the 
energized circuit. The author is glad to remind here 
the enthusiastic interest arisen during the first oscil- 
lographic dynamic test in 1934, carried for the Italian 
Navy under the direction of Mr. B. Rossi, chief engineer 
of the Italian San Giorgio, a man giften by a very sens- 
itive intuition and bright foresight. 

The series windings considered in this section may 


and KÉ, , neg- 
ative; then f_ and R, may become zero and even ne- 
gative. The time constants, I and T, may thus become 
negative and when one, at least, Is negative, one or two 
time constants 7, and Tg are negative and there is 
building up. The ui values separating the domain 
of stable operation from the domain of unstable operat- 


be stimulators and the coefficients, Tos 
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ion are determine by following equation: 


which is of the second order for the speed. 

Willful adoption of stimulators in a metadyne is rare, 
but undesired ones are frequent. 

Let us complete this section by considering the asy- 
ptotic equations: 
nK%,I 


Rrlao +tnKylra= y 


n 
N 


CRI Ro yes 


ac 


The determinant of the coefficients becomes zero when: 


(53) RERI PHEK AO 

A comparison with equation (51) shows the identity 
of these two equations. f?_ and £, are linear functions 
of speed, n and the discriminat, S, of equation (53). 
with respect speed 7, is: 

(54) «S'=(RSKREEE RR — REI 
There are real values of critical speed as long as S > 0, 
hence whenever K, and K_ are of different sign. There 
are no real values of critical speed when S<0o and 
then K_ and K, must be necessarily both positive or 
both negative. 

We see thus that stable operation is possible with 
hypercompensators. If we particularly assume that 
K_=K,= —-XK, in other words, if there are two 
hy] percompensators with a degree of compensation equal 
to 200%, we have the same operation as if the metadyne 
had no compensators whatever and only the direction 
of currents changes. This property finds practical ap- 
plications. 


6.) METADYNE'S REACTIVITY AS A STABILITY FACTOR. 


The operation of a series excited dynamo, supposed 
inserted in the secondary circuit of the metadyne or 
in the circuit of the second dynamo of the arrange- 
ment fig. 2, may be represented by a kinetic resistance; 
the latter is positive or negative when the dynamo 
operates as a motor or as a generator correspondingly. 

Let us assume that the series excited dynamo is 
operating as a generator; then the ohmic resistance & 
in equations (17) must be replaced by the sum of the 
ohmic resistance KR and the kinetic resistance, say R,, 
which is now negative. If then R + Ri <o, time con- 
stant 7 in solutions (22) and (23) is negative and there 
is building up. As generally È is very small, even a 
moderate action of a recuperating series dynamo brings 
instability into the system of fig. 2 as br ngs instability 
into a system comprising a constant voltage, direct 
current or alternating current, network and a series 
dynamo supplied by it. 

A series dynamo inserted into the secondarv circuit 
of a simple reactive metadyne as the one schematically 
represented by fig. 1, will operate according solutions 
(24) and (24,1) where time constants dos Tg ande 
remain positive even for large values of negative ki- 
netic resistance of the series excited dynamo. In fact 
roots 7, and 7, of equations (10) may now become posi- 
tive because 

Ls 
(55) tera 
R + Rx 


is now negative when Rx< — KR; and one of the roots 
becomes negative with a critical value of R, deter- 
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mined bv following equation: 


(56) MRS (RI 
deduced from (53). Hence instability is reached only 
when 
MARIE 
=== =: 
kh 


(57) Ry, s => 


p 


Comparing inequalities (55) and (57) and remembering 
that n K is about 50 times larger than A, and usually 
at least two times larger than A, , we may deduce that 
the reactive metadyne will preserve stability even 
when the stimulating action of the series dynamo be- 
comes one hundred times larger than the one sufficient 
to bring instability in a constant voltage direct current 
or alternating current network. 

This example illustrates another characteristic of the 
reactivity of the metadyne. 


7.) BEHAVIOR OF THE CURRENT TRAVERSING A COIL 


SUPPLIED BY A REACTIVE METADYNE. 


When it is desired to energize a coil with a prede- 
termined direct current, say I, we may use a dynamo 
or a metadyne. When this coil is interlinked with a 
flux showing a periodic or a transient variation, there 
will be a periodic or a transient disturbance of the 
current traversing the coil; we intend to determine this 
disturbance and compare the behavior of the two systems, 
dynamo' and coil or metadyne and coil. 

Fig. o and 10 show the scheme of the two systems 
and it is assumed that the machines have same size 
and rotate at same speed. 


16 GL 


Taking into account a Heavisidean flux disturbance 
of pulsation ©, the equations determining the current 
are for a metadyne supply: 


d 
(8 de Lat + n VERS l,,=0 
t 


(58) 
d 


PAM cora (1 t Li Jru+ ono 

dt 
where C (t), represents the e.m.f. induced into the coil 
by the Heavisidean flux disturbance. 

The solution of equations (58) comprises obviously 
a constant term and a term function of time. The constant 
terms of the first member of these equations on one side, 
and the terms functions of time, on the other side, 
must give a zero sum separately. Let us decompose 
currents as follows: 


Tele Ta gaia dat Lara 


(59) 
where the third index ) indicates a direct current com- 


ponent, and index g a transient component; then equat- 
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ions (58) may be decomposed as follows: 
Ien tac 9 +vKla, pg = NEI, 


SE A POETA 


d 
(60) (1 sl Lp 2) (ga, 8 (d)o 5 10 /E Mov 8 (É)o SÒ 
dl 


d 
RIE rn gh RES IDA asgl 
dit 


The solution of the second pair of these equations is: 


(61) 


Ira s (d)o = 


where 7,, and Tg have same values as in formula (23) 
and where A and B are constants of integration. 

If the external part of the secondary circuit of the 
metadyne is connected to a dynamo of same size, as 
fig. 10 shows, or to a constant voltage network, the 
transient current under same disturbance, is: 


(62) 


Comparing formula (61) and (62) it becomes apparent 
that when the metadyne is energizing the circuit the 
transient component due to the disturbance has an 
asymptotic value much smaller which may be only a 
few thousands of what it is when same circuit is energ- 
ized by a dynamo (or a constant voltage network). 

If the metadyne reactivity resistance /, is brought 
to zero by a 100% degree compensator, then the factor 
outside the parenthesis of formula (61) becomes equal 
to the corresponding factor of formula (62). 

If finally the reactivity resistance A, , is given ima- 
ginary values, the avove mentioned factor of formula 
(61) may reach very high values. 

In «metadyne combinators» same applications of 
properties are indicated. 

Let us now consider a sinusoidal flux perturbance 
abruptly beginning at time f = 0, and decompose cur- 
rents as follows: 

6 eo 
DI Iva = Ira p + Isarr + Ivar s 


where the the new third index s, indicates alternating 
current component. Then equations (58) may then be 
decomposed into the following ones: 


Mac p Jp ISS Di EM o, 1, 
I i, 10 
(Pte, 4 fi) Lod ape KIar=© 


AREA SF n a) Ivar = 0 


Di 
IS Fio L, LA: Maro: s (Elo + n K Ia» s (Z)o — 0 
dt 
ff d ”: 
TRAIANO (o —|R +L37 Todo 20001 
di 
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obtained by equating separately the constant terms, 
the sinusoidal terms and the exponential terms assumed 
to have the real part of their exponents different from 
zero. Symbols /g,, 7 and 1a, r indicate the vectors of a 
Fresnel diagram corresponding to the asymptotic SI- 
nusoidal components. 

The first two equations (60) give the direct current 
component and the second pair of equations give the 
asymptotic value of the alternating current component 
the permanent perturbation. The latter is represented 
by following vector: 


ARG) (Rh+]0L,) 


lr Ces: . î ì 3; 
(Ro +f0 Lo) (Rot Lo ke #0 A 
(%; 


(65) ORE OE DE 


I 


n? K? 


(R, +10 L))(R+10 La) 


The first factor of the last formula is obviously the 
vector representing the perturbation in case of a dynamo 
supply according to scheme of fig. 10. The second factor 
is a dimensional and a complex number whose argument 
is positive. If we assume that the ohmic resistances /t, 
and , are very small with respect the corresponding 
inductances © L, and © L,, so that we may neglect 
them, the numerical factor becomes real, equal to: 


I I 


(66) MEI RS 


Ta I — 


ne pe —_ —_—___________________ 
COSIENE,: PUOI 

In most practical cases there is n? K? > ©*L,L; and 
then factor (66) has a modulus smaller than one, and 
the asymptotic value of the perturbance is smaller 
than the perturbance in case of a dynamo supply. 


Larson! 


By addition of series stator windings on the meta- 
dyne the square of the reactivity resistance, /,*, depend- 
ing on said windings in the known manner may take 
any positive or negative value. Formula (66) remains 
valid as long as the mutual induction between primary 
and secondary circuit is nil. Thus if there is a compens- 
ating winding of 100% degree of compensation, the 
perturbance becomes the same no matter what the sup- 
ply is, dynamo or metadyne; if /,2 takes values for 
which the modulus of the denominator or the second 
factor of (65) is smaller than one, the perturbance is 
larger with metadyne supply. 

Thus we arrive at similar conclusions as in case of 
a Heavisideean disturbance, with constant asymptotic 
value; we may generalize these conclusions for any 
disturbance. 
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8.) ACTION OF VINCULATORS COMPRISING RESISTANCE 
AND INDUCTANCE. 


For the sake of simplicity we consider only three 
stator windings, as the shceme of fig. II shows: a se- 
condary variator and two vinculators traversed by cur- 
rents /s and I, respectively. 

Let us close switch S when current /,, is established; 
following equations represent the transient operation: 


d 
(1, +Lg >) Iagc(t)o + K Isa lt)o + 


dt 
d 
+ Lp —— 18 (t)o = " Kac Ly (to 
di 
d 
n KIsc(Mo {Rs + Ls Tra (t)o — 
(67) dt 
d 
— Lis — le(th=0 
di 
s d / (PAT 
— Li — Ioac (o (re +Is—--|Is({)) = 0 
di ) di 
d d 
—Lî — Isa (i) —|Re+Le —|Ie(h=0 
dt di 


HIP MDTL 


where the svmbols Re Lt, Rs Lg, Roo, Lo Bone 
obvious significance. Applying Laplace transform and 
eliminating /g (7) and I, (7), we obtain following two 
equations with only two variables: 


Tac (t)[R, Rs +t(Lo Ras + Ls Ry) — 
— 1? ( (TÈ) as Ly)] +RE(Rata L53) 
a Red vis 
II ig pn 
T 


(Red Lace KIc a) = 


—[ReRe ta. (L, Re+ Li Ri) 


The determinant of the coefficients is: 
(69) —Dael J[ ]+#* K°(Rs+rLs)- 
- (Re + aLe) 
where the quantity braced by the rectangular paren- 


thesis are the same as in equations (68). The roots 
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of equation: 


(70) Des 


are laborious to write and to comment. 


The action of the two vinculators may represent ap- 
proximately the action of the iron losses due to hyste- 
resis and Foucault eddy currents, and hence the fact 
that the flux traversing the laminations does not follow 
immediately the variation of the resultant ampere- 


turns. The corresponding values of Les o Ls Ja, 


and pù and LS can be approximately determined by 
test, to be later on reported. Let us divide both member 
of (70) by Rs Rg; we obtain: 


Rei TS 


A TO RT 


III 


Tests show that Ts and 7, are very small with good 
laminations; hence the two roots of (71) are grouped, 
on the Gauss plane in the vicinity of the roots of equation:: 


s 


(72) (x RI (R + LI) St. 


The roots of this equation were discussed in the previous 
sections. 

We may thus deduce that the imperfection of the 
iron magnetic circuit will modify the results indicated 
in the previous chapters but to a small extent. 

The analysis here above developed may be readily 
extended to the case of a metadyne provided with any 
series winding arrangement by substituting /,, £, 
and A, to n° K?, R, and R, respectively in the equations 
of this section under the assumption that L = 0. We 
may then say that if the two roots of equation: 
(73) (R7 + tL3)(Ro+tL)+R=o0 
are well within the borders of the stability domain 
in the Gauss plane, the imperfections of the iron magnetic 
circuit will quite probably not bring instability. 

We may also note that in all previous sections the 
formulas are symmetric with respect /_ and /, and 
with respect L, and L;, and we may deduce that for 
the slightly damping interference of the iron losses, 
similar winding have similar final action no matter 
the circuit in which there are inserted. 


0.) PERMANENT OSCILLATIONS. 


Let us consider the arrangement indicated by the 
scheme of fig. 3, assuming that the external circuit 
comprises only resistance and self induction. We may 
set windings 2, 3, 4, and 5 so as to satisfy following 
relations derived from formula (45). 


Bi Ro ZF LI, Ra +nL (K7 — Ko) 0 


(74) 4 (L, E Led) (Ra Ro li R,°) SIOE 


If, under these conditions, the secondary variator 
winding current, /,,, is given an impulse at the end of 
which this current is brought to zero, we shall have a 
permanent operation with sinusoidal currents whose 
pulsation, ©,, is defined by: 


(R- Ro + Re) 


(75) 0, = 
75 VIA EZE 
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With an occasional insertion of corrective resistors 
and inductances into the primary and the secondary 
circuit, and with the possibility of setting the value 
of the speed, x, we dispose of 5 variables which can be 
given practically any value comprised between two li- 
mits depending of the size of the machine. Thus the 
value of the pulsation ©, may be modified within a 
wide range. 
se " there 
will be permanent oscillations for any value of the 
speed. fontwhich-K-— PR Ry|Lih-:=*R= Ra 
L is zero and there cannot be permanent oscillations, 
except if a transformer interlinks further the primary 
and the secondary circuit as shown by fig. 12. 


For instance, if Kn=Ks 4 R=—-R 


If°L, Ro + Lo RrPo0/andtK-=5 Ko, therelistonly 
one value of the speed for which there are permanent 
oscillations for definite values of R_, fg: Lo, Ls, and 
L; if the latter can be modified with continuity by 
means of a transformer with movable members of its 
magnetic circuit, a futher independent variable is at 
our disposal for controlling the pulsation ©, . 


TO.) SHUNT WINDINGS. 


The diagram of fig. 13 shows a main metadyne, / 
with the terminals A, B, C, D, of the possible series 
windings located opposite the corresponding brushes 4, 
ò, c, d symbol already used in the previous volumes 
permitting to simplify the scheme by assuming the exis- 
tance of series windings without representing them. 
Outside of the possible series windings there are two 
shunt windings a primary, 6, and a secondary, 7, both 


connected across the secondary terminals B and D, 
traversed by currents /53 and /, respectively. A second- 
ary variator winding, / is shown energized by an auxil- 
iary metadyne, II: this arrangement, with adequate 
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stator windings on metadyne II, permits to admit that 
current /, is pratically independent from variations 
of the fluxes of metadyne / interlinked with variator 
!. Such arrangement is used by the author for precise 
control. 

A heavisidean current /,, (1), , reaching abruptly the 
constant value /., at t =0, with all currents nil for 
t>o, gives rise to a transient determined by follow- 
ing Laplace transformed equation: 


(fia ste T Ly) Uro (7) si (n Ko I L t) l'ha (7) ci 


I 


Latin a)ie Ei —4 4697) 
CL 
(MA (Ro + viLalIva (0) + 
(76) + n, Is(t) —tL£Is(1)=0 
21 Ig lelaiRr La) Ja (0) + 


Sii (fe, si T La) l'ha (t) o, 
ii Re a) + 
+ (Ra +TLa)Iva(t) =0 


with obvious significance of the usual symbols. The 
determinant of the coefficients is an polynomial of the 
fourth degree with respect to 7, whose roots are too 
laborious to comment. 

The research of a possible oscillatory asymptotic 
operation leads us to a system of equations that may 
be immediately derived from (76) 


(Rr+f0Ly) Iso 4 (MK5+]70L)Im+ 


sufficient for originating the oscillations; therefore no 
term in /,, figures in them. 

In order to determine the possible values of a real 
pulsation ©, we are led again to equate to zero the 
determinant of the coefficients of said equations, a poly- 
nomial of the fourth degree with respect to . 

The dynamic equations are simplified if we consider 
each shunt winding separately and a secondary com- 
pensating winding with 100% compensation degree. 
Let first switch SI closed and switch S 2 openi n fig. 
13 The. Laplace transform of the corresponding dyvna- 


myc equations is then: 
| i 3 
(RETI NDS CIS 
— n K3, Iy (T) 
(#K_-tTDta(t) (RR +6) Sx(DIE 
(77) 5 
+ Kyals(t)=0 
d na) \ 
— alibi Ra 


— (Rs + tLs)Is(a)=o. 


Primary resistance, f,, is generally very small; we 
may set f_ = and reduce the determinant of the 
coefficients to following value: 


ia Livni Le ve D tes | 
(MK, -1O0L)I,,—(Rt10Ls)ha+ i | nK,-tL — (Ro + tL,) n Re 
(76°) WR a Efo Ri, +tL TRS TSI 
: Se P 
10 Ln tao + (Ra +70 Ls) Ig _ showing a polynomial of the second degree as factor. 
=(RT EL = In order to simplify this polynomial, let us further 
RS CRETINO assume that there is no secondary stabilizing winding. 
Then L = o and the second degree polynomial, equated 
sO =0 to zero, simplifiers as follows when divided by L;: 
È; I D 
$ p 2 è e ò 
t[LsL,—-(L,)]] + | (sy E *LSCRS) E, n'Kr—LameK esi E Ro 13| SE 
(77°) 1A 
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where the unknowns are vectors Inc, Ina, Iz and 7; 
referred, as usually, to a Fresnel diagram on a Gauss 


È Rs + R.,n(K}— ke —i0ì 


The borders of the stability domain are defined by 
following relations: î 


È AA 
4Ly[R Rs + Rin (K,— Kia)][La Lt — (L3\] >[L, (R$L- + LgR) + L(1ò Ko ko Kja 


(78) — (L? RI 


Ly (Ry I, #1; RVL (I Ko LB) 10) OSE, 


plane. These equations (76') are written under the as- 
sumption that a temporary impulse of current L, Is 
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and by following equation: 


(79) ò 


Rg Rs HR (7 — Ka) = 0 
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both equations are of the first degree with respect the 
rotational speed n. The value of the critical speed yiel- 
ded by (79): 


R 
= JE 


o 


(80) 


aL 
may be compared to the value of the building up speed 
of same machine when operates as a shunt excited 
dynamo by opening the primary circuit, i.e. with value: 


i 
= (fe 3F i) 


-d 

Ka 

where /t,, is the resistance of the armature of the meta- 
dyne plus the resistance of the secondary compensator. 
Taking into account that X,, and X_ are very small 


Se el) 


We consider the practically very probable case that &,, 
and L,, are proportional to the resistance , and self 
inductance L, of the external part of the secondary 
circuit, i.e. that there is: i 


R,=kRRn 
(82) 
L, = kRLm 


and then the determinant is decomposed as follows: 


Rituali co —n KE, 
D= sila ur Lm) n K k + I (0) 
| 
Ise I SRI 


The determinant figuring in this formula is a poly- 
nomial of the second degree having following roots: 


V }}—4L,Le (8 Re — n K KÉ, 


k 


R+1/ 


when compared to /z and xo respectively, and that 
I, is not very different generally from f,, we may 
derive following deduction: 

When the metadyne has secondary 100% com- 
pensator, a negligible primary resistance and is deprived 
of secondarv stabilizing winding, these are generally 
the conditions met in an amplidyne, the operation 
becomes unstable practically at the same conditions for 
which the same machine with open primary circuit, 
operating as a excited dynamo builds up (fig. 14). 


Fig. 14. 


Switches Si and S2 will now be assumed originally 
open ‘and then only S, closed bringing into operation 
the shunt winding 7 alone. We shall further assume 
that there is are no secondary stabilizing windings. 
Under these conditions there is no mutual induction 
between the secondary circuit of the metadyne and 
winding 7 and the Laplace transform of the dynamic 
equations may be written as follows: 


dea a Ki Ia) 

ri SERA TLT = 

Elga (Ue i 
CRE im) = 0 


(81) 


where R,, and L,, refer to the resistance and self induct- 
ance of this section of the secondary circuit which is 
part of the metadyne. 

The determinant of the coefficients is: 


E 
— n Kic 


USA A E? O 


(81) D=|nK 0 


n K —(RnttLm) — (Re+tLe) 
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Note that K£, is positive when winding 7 tends to 


increase the primary current and the secondary voltage, 
a generally desired action. Note further that /, and 


nî, are of the same order and that R, is generally 


less than 1% of x K, hence a small value of x suffices 
to bring instability and building up, the border of 
stability being defined by equation: 


(83) 


One may argue as foliows: suppose that the second- 
ary terminals of the metadyne are short circuited, then 
current /, = 0; how can be then instability ? There will 
be true stability in this case for whatever value of the 
speed, but there is no contradiction with the previous 
arguments because formula (83) shows that the value 
of the critical speed is also a function on £ which de- 
creases when the external part of the secondary circuit 
decreases and becomes zero when the metadyne termi- 
nals are short circuited, the value of the critical speed 
tending to infinite. 

We may thus conclude that under the practically 
probable conditions expressed by equation: 


le m Il, m 


the addition of shunt winding 7 will bring instability 
even for a relatively small number of developed ampere 
turns when the reactivity of the metadyne is reduced 
to zero and there are no stabilizing windings. 

The general case leads to a differential equation of 
a degree, too high for an easy comment. In order to 
obtain some information we revert to the equations 
of the asymptotic direct current operation: 


yt ne Tg 


RO I 
az pei hO 0 
OSE) 

Ri Ira = Rele=0. 
Coefficient K£, is positive when a positive current /, 
tends to increase the action of Ii coefficient Ri, IS 
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positive when a positive current /g tends to increase 
the action of /,,. Eliminating /g and /, we have: 


Ra va 
Roli Tia = Kaos ty 
(2) 
Da: 
EIA IE, — Ro|lva= ©. 
Rs 


The determinant of the coefficients is: 


Ro 
— Ro| +? Kr ted 


ho 
— Kol 
Re 


The two roots of the determinant equated to zero 
are: 


De rlaià 
Rs 


R, Pu 
+ | 
RS 


22 RENO, 


+ 4Kr (1% 


This formula gives imaginary critical speeds even for 
values of K,j corresponding to an astatic shunt winding 


I 
6, in fact in this it is easy to see that È. ny x =" 


If moreover Kg = 0, then the root of the determinant 
becomes: 


Rs Ro 


n= —- 


rossi e 


practically same as the critical speed of an equivalent 
shunt excited dynamo. 

Finally considering both shunt windings operating 
and K,=# 0, and applying on the complete formula (85) 
same arguments as above developed, we find that a 
skillful determination of stator windings may render 


Pr 


ce k.) REI 
a 


VENA 


IR (1% 


Let us first consider winding 7 operating and winding 
6 disconnected; in this case the roots of the determinant, 
divided by the nominal speed ny of the metadyne, are: 


n No Res 


>» Tea CE / 
Ny Ny a do o È 
Kan | Ke — Ko| ny? 
Re 


By multiplying the numerator and the denominator 
of the fraction under the radical sign by the square 
of the nominal durrent of the metadyne, /y?, we find 
that for usual metadynes, the quantity: 


(86) 
€ 


is negative. In fact ny K/xy is the voltage induced 
between two electrical diametrically opposite brushes 
when the other pair is traversed by the nominal current, 
generally 3 times the nominal voltage Vy; similarly 


V 
ny KÉ. # is generally equal to Vy and hence the non 
£ 
dimensional quantity: 
ny KÉ, 
Ite 


is generally equal to 1. On the other hand RR, /y is ob- 
viously equal or smaller than Vy, therefore (86) is ge- 
nerally negative and we may deduce that quite pro- 
bably there are no real values of speed » for which 
the operation is unstable. 

Note that quantity (86) may become as small as we 
like, provided K,=4 0; hence the critical speed may 
become as large as we like. But if K, = 0, same argu- 
mentation leads to small values of the critical speed 
with respect the nominal speed, xy, meaning probable 
instability. 

If now winding 6 operates and 7 is idle, the roots 
of the determinant divided by #y, become, in case 


Kiko: 


-Ò 
Rx Ra Kia y O 


; = ORE ridire 
Un Ny BAIA a IE y NK KG 


k, \ 
— Ko) 
Re 


quantity (86) small enough as to have a ratio of the 
critical values with respect to the nominal value safely 
high, or even may give imaginary values for the critical 
speed leading us to admit that the machine will never 
leave the stability domain. 

Thus the investigation of the asymptotic operation 
not only confirms the deduction drawn considering 
special cases of dynamic equations, but it appears to 
show that with a. reactive metadyne it is possible to 
have stability with a much wider range of possible 
shunt windings, than with an areactive one or with an 
equivalent dynamo. 


ET) INSERTION OF CAPACITORS INTO THE CIRCUITS. 


Capacitors may be inserted into armature circuits 
while operating with alternating currents. Capacitors 
in stator winding circuits, may be inserted even when 
operating with direct current. Thus fig. 15 shows a 
scheme comprising a capacitor, C;, inserted into the 
secondary circuit and another, Cs, inserted into the 
circuit of the primary vinculator winding, 8; when 


operating with direct current, e.m. forces mav be in- 
duced into the vinculator by a transient component 
of the primary current, and the presence of capacitor 
Cs influences said transients. Note that an appropriate 
choice of a large number of turns of thin wire for the 
vinculator, will permit to use a relatively small capacitor. 
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The secondary variator winding, 1, is supposed energi- 
zed by a reactive metadyne and hence current 7, is 
practically independent of disturbances 
lient metadyne fluxes. 

Let us first consider the action of C; alone and assume 
that switches SI and S2 are open; then the Laplace 
transforms of the corresponding dynamic equations are, 


under the usual original conditions of the currents, 
as follows: 


due to trans- 


dl 
ROTTI a KO 


T 
I 
Isa (t)=0. 
TIC, 


Mutual induction between secondary winding 1, trav- 
ersed by /,, , and other electrical circuits of the metadyne 
are here omitted, winding 1 being supposed energized 
by a very reactive metadyne. Hence: 


Ia (T) 


(88) = 
1y 


(87) 


nKlu=(r ana 


I 


= 0 (cl 
Ca RIERESA LANE 


where Sy = 1/C; is the elastance corresponding to ca- 
pacity C,. The denominator of (88), equated to zero, 
gives: 


ii RL 


MM tr RS o 

an equation of the third degree in its most general 

form, hence leading to laborious expression of the roots. 
Renouncing to a methodical comment, let us, at least, 

consider some special cases: if we assume that the time 

constant, T,, of the primary circuit is very small, and 

divide equation (89) by f,, 


lati ERI 


I 
SO 


p 


(99) 3 
ARI + ST, + n K? 


it becomes apparent that we may admit the three of 
equation (89) to be located, on the Gauss plane, in the 
vicinity of the two roots of following equation: 


I 
(9I) ER Pa n? K? È ARSPEO: 
R, 
Say 
to 
di 
(92) |a PRA +vVI P_4LS 
D . 
ri 24005; 


The parenthesis into the radical bracing same quantity 
as the one outside of the radical. 

From inspection of (92) we may deduct that, generally, 
even a low real reactivity resistance of the metadyne, 
keeps the operation stable and the transients terms 
non oscillatory ; and reversely imaginary reacticity resist- 
ance of low modulus brings instability oscillations, and 
building up. | 

The above developed formulas remain formally the 
same in case series stator windings are added provided 
dia dia and n? K? are replaced by f,, fo and n? 
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(K + KS) (K + Ki) = R, respectively and provided 
that the mutual induction, L, between primary and 
secondary metadyne circuits, is, or is caused to be, nil. 

If we now assume that the Capacity C, is very large, 
hence S; very small, we may admit that the three roots 
of (89) are located in the vincinity of the origin of the 
Gauss plane and of the two roots of the familiar equation: 


SLA MAN 


(93) bro 

whenever L = 0. We are then led to similar comments 

as developed in the first sections of this chapter I. 
The second member of first equation of system 

(87) shows that we have admitted a Heavisidean form 

for the secondary variator current with constant value, 

IL,, fort>o. 

We could instead admit a sinusoidal, or generally, 
a periodic form for same current; the transient terms 
will keep same exponentials. Thus the arguments de- 
veloped in this section apply as well when metadyne 
generates direct or periodic currents. 

Same remark is readily extended to all other cases 
examined in this Chapter. 

Let us now close both switches, SI and S 2 of the 
scheme of fig. 15. The Laplace transform of the equa- 
tions satisfied by transient components of the currents 
are: 


(RG LIA} La kann pe 
=nKi1, (7) 


nKI (a (RL) io 


SÒ 
Tx) 20, 


T 


nati tut (854 tLs + 


These equations are written under the assumption 
that L = 0, that the values of currents Zac, xa and Ig 
are 0 for t< 0, that current /,, is inaffected by varia- 
tions of metadyne fluxes and that it is an arbitrary 
function of time. Eliminating /g (7), we obtain: 


[E 73M dana DR 
PACIS PRIRI IRIS 
+nK(Rgt. + 1° Lg + Sg) Ia(1) = 
ALIOGIOERE IOI) 

[eta La ni 0) + RgnKx + KxSg]lac(t) + 
—[L,Lg + (Ls Ro + Lg) + 
aLe Ss + Rs) Rogi, 00 


We are thus led to a determinant of the coefficients 
having the form of a polynomial of he sixth degree, 
more laborious to investigate than in any of the pre- 
VIOUS cases. 


12.) DIAGONAL VINCULATOR. 


The «diagonal» vinculator is interlinked with both 
armature fluxes, the primary and the secondary, as 
shown schematically by windings 8 and og in fig. 16. 
These windings are indicated directly connected to- 
gether without any external element inserted in their 
circuit in order to easily recognize their particular 
action. 
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Then Laplace transform of the dynamic equations 
under the usual boundary conditions and assumptions, 


are as follows: 


bo) 
(Rie LI)I (+ (MEL) ha) + bb) = 


= n K Iy(t) + n KÈ Ig (7) 


(mK-—TL)Ia(t) Rot T DLE 
CONI PPEGIO) 


Eliminating /s (7) we obtain two equations which 
divided by the resistance 3 of the vinculator circuit 
vield: 


These equations correspond to same metadyne deprived 
of the vinculators but with a primary and secondary 
self inductions, L,' and Ly, equal to: 


6) 

’ -Ò Li 
LiesLoH CE gr 

Rs 

(95) 

no: 
Li = Lon Ka 

its 


and two mutual inductances, L’ and L" figuring in the 
first and in the second of equations (94) respectively 


pò / L$ ro 
Ha) | t® L +7 Î WI VE n Kba Sl 
USS \ Rs Rs 
LR Lî Ù 
— Jia (t) |’ L= + r(L, +Io ——-—+n Ka E Mo|=© 
Its \ It3 ò / 


The determinant of the coefficient is of the fourth degree. 

We may note that the time constant of the vinculator 
is small, generally, as compared to time constants, 
T, and T;, of the primary and the secondary circuits; 
in any case, we may set /s as large as we want and 
render thus the numerical value of the coefficients of 


b) TÒ 1 
t? of the coefficients /_ - ,nKG pen e Ki, =— 
5 Rs Ri 


d 
egli 1 
and ft, Ds very small as compared to the numerical 


values of the other coefficients figuring in the left mem- 


d 
bers, and render thus also negligible the term 7 o 


with respect to the unit. Note that the coefficients 


d Ò) $ 
UE eee mdeeitia *_ are large because Kae and 
3 Rs 


K,a are generally very large as compared to n K_ and 
n K,-. Under these conditions the roots of the corres- 
ponding determinant equated to zero are located on 
the Gauss plane in the vincinity of the roots of the 
determinant of the coefficients of following equations: 


Ò 


si da 
oe (VR SEA. 
Ri 
rò 
z ò "8 
+ Isa (t) È Kg + "(1 di Ki: )| La 
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and having following values: 


ò 
dora 

9 i NI Fo le pi 
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(96) 
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We may then derive following deduction: 

If the time constant of the circuit of the vinculators 
is very small as compared to the time constants of the 
primary and of the secondary circuits, the dynamic 
behaviour is practically similar to the one of the same 
machine deprived of the vinculators but endowed with 
self induction and mutual induction coefficients as in- 
dicated by formula (95) and (96). 

We may utilize this property in may ways. For insta- 
ance we may reduce to zero the value of two of the 
coefficients, L,', Ly, L’, L'", or reduce them all to small 
Values compared zo ole 

Note that the two vinculator windings traversed by 
same current may be obtained by only one coil around 
each polar segment, having a number of turns equal 
to the algebraic sum of the turns of the two separate 
coils corresponding to the two separate windings, the 
sign of the turns changing when the direction of the 
corresponding ampere turns changes. This arrangement 
reduces copper losses. If, in particular there is; 


| Ke |= | Fa] 


only two coils per cycle are needed for the simultaneous 
operation of the two vinculator windings. 

Reversely any diagonal vinculator winding closed in 
itself, i.e. a vinculator winding comprising a single coil 
around every alternate polar segment, acts as the two 
vinculator windings 8 and 9 of the scheme of fig. 16. 


L’ELETTROTECNICA 


J. M. Pestariti — Metadyne dynamics: Linear transients 


Such a coil arrangement is often used for reducing 
copper losses and stator size, this diagonal stator wind- 
ing being used say as a variator winding energized by 
an external source. If the external source is then a 
dynamo or a battery or an alternator, the diagonal 
variator winding will behave as a diagonal vinculator 
practically short circuited. 


Fig. 16. 


Such an action is not desired in the most cases and 
the arrangement of the diagonal variator winding, must 
be, generally, renounced at and be replaced by the 
usual arrangement of two distinct windings, one having 
its magnetic axis coinciding with the primary commu- 
tating axis and the other with the secondary axis cor- 
respondingly, each winding being energized by a sepa- 
rate external source. 

If the external source can be a metadyne, as fig. 17 
shows the undesirable behavior of the diagonal arran- 
gement of the variator winding is substantially reduced 
when the permanent armature currents of the main 


metadyne are alternating currents, and it is practically 
eliminated if the said permanent armature currents 
are direct currents, as it is demonstrated in section 
8 of this chapter. The auxiliary metadyne energizing 
the diagonal variator winding must have a high value 
of reactivity resistance, as shown in the above mentioned 
section. It is obvious that the auxiliary metadyne may 
energize the variator winding with any kind of current, 
constant or variable, direct or alternating. 


CHAPTER II. 


OUTLINE OF SOME ANALYTICAL METHODS 
APPLIES IN THIS TEXT 


The theory of metadynes was almost completely de- 
veloped long before any metadyne were constructed 
and the author disclosed the invention and his work 
for the first time at the international Montefiore Con- 
test in Liege in 1928. 
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Having met too laborious calculations in establishing 
the conditions for a stable operation of the new machines, 
he devised some methods reducing labor in calculations. 
Those methods permitted him to check the stability 
in many cases. They were mentioned in the Montefiore 
memoire and published in the Revue Generale de 
l’Electricité, Paris, 1930. They are here a little more 
developed, so as to authorize the examples contained 
in this book; they will be reconsidered and more com- 
pletely handled in a special volume considering stability. 


A) Frontier variety of the stability domain. 


1.) Introductory notes. 

2.) Cauchy’s form of a system of differential equations. 

3.) Theorem on the stability frontier variety without 
oscillations. 

4.) Corollaries. 

5.) Comments and examples. 


A) THE FRONTIER VARIETY OF THE STABILITY DOMAIN. 


I.) [ntroductory notes. 


The stability problem will be considered more 
completely in a special volume; here we limit our in- 
vestigation to some of its aspects, at which we have 
already referred in the previous chapter, in investigat- 
ing the nature of the transient currents. 

In Chapter I we obtained information about stability 
by determining the exponent of the exponentials of the 
solution representing the transient currents; we persist 
in this chapter in the same method but we choose a 
different approach. 

The dynamic equations considered in Chapter I have 
following form: 


D D dy'; 
LU t Lar o iu 
i=1 i=1 dt 
MI 
(1) p dy'; 
st Ina MAR 
i=1 dima1 
RE = BT 


where 4, is a known term, say the perturbance or the 
driving or exciting function the solutions for a set: 


VENIAMO O NL) 
(2) VAT 2 

Sii Zi ia pd 

RIE 


of functions of the coefficients figuring in equations (1) 
and whose expression can be given a form using radicals 
only when the corresponding characteristic equation is 
of the fourth degree, and sometimes even when it is 
of higher degree but of special form. 

In the previous chapter we have considered only 
cases where the characteristic equation, generally de- 
rived under the form of a determinant equated to zero, 
was of low degree. 

We know that the solutions are continuous functions 
of the coefficients and hence that the operation from 
stable becomes unstable when the coefficients vary con- 
tinuously and pass through the critical values, as we 
have many times determined. 

If our purpose is to make sure whether the operation 
is stable or not, and we determine the set of solutions, 
(2) we are performing an effort harder than it is 
necessary for our purpose. We may instead adopt follow- 
ing preeceding where we consider an hyperspace hav- 
ing m fp? dimensions as many as they are different coef- 
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ficients in equations (1) in which we separate the 
domain of stability from the domain of instability. 

We may then try to determine the separating hypers- 
urface, obviously constituted by the points correspond- 
ing to the critical values of the coefficients. At this 
hypersurface we will refer as to the « stability frontier ). 

If we can establish the stability frontier it will suf- 
fice to check whether the point having as ? coordi- 
nates the actual values of the coefficients, lies in the 
stability domain or not. 

The solution of system (1) may be derived from 
the solution of a single differential equation, of order, 7, 
where 7 is generally equal to f (Mm — 1). The correspond- 
ing characteristic equation will be a polynomial of 
order 7 equated to zero: 


(3) Za o= n. 
i=1 


The stability depends thus on the sign of the real part 
of the roots of equation (3). 

If then for instance we start from Hurwitz theorem 
which states that the real part of all said roots is ne- 
gative if all the coefficients of equation (3) and some 
determinants constructed with these coefficients have 
same sign, we may determine the «stability frontiers » 
by equating to zero said coefficients and determinants; 
but the mere fact that we must equate to zero all coef- 
ficients is discouraging. We choose another approach of 
the problem bv using a preceeding indicated by Cauchy. 


2.) Gauchy's form of a system of differential equations. 


We depart from system (100) and transform it into 
another equivalent system where only equations of the 
first degree appear by substituting new variables to 
represent derivatives of higher order. For instance we 
replace equation: 


” dy, p d? y'; 
Z dir Z ix ng 
i dis ini dt? 
1) dy'; 
+2Dix SR AR 
i=1 di 7 
kh = Too la d. 
by following 2 + 1 equations: 
AV Ca 
D 2pD+î D D DY+î 
Z dir 2a Carl'andi FS bia sla 
to dt dl i di 
p 
+2 anY:= Ax 
t=1 
dYy' IV 54h 7 
Vp4n = Aaa = MIRI, 
D+ di 204% di dp 


We obtain finally a system of following form: 


La dy'; T 

Z dix +2 bay = A 
(4) i=1 di i=1 E È 

= Y 


Y being larger than , and the coefficients a;, and dix 
being linear homogeneus combinations of the coefficients 
of equations (1). 

System (4), if irreductible, has an infinitv of sets 
of 7, and only 7, solutions: i 


DRESS, ao 
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linearly independent from one another and each set may 
be derived from another by linear substitutions. This 
and other basic theorems mentioned in this chapter 
will be demonstrated in the volume of « Non linear 
transients », for the convenience of the reader, but are 
assumed known here. These sets of solutions form a 
square matrix of 7? elements: 


ya] 


The known members 4, & = I, 2, ...,7 do not enter 
in the research of the exponents of the exponentials 
of the solutions as we have noticed in all sections of the 
previous chapter; hence for our particular purpose here, 
they may be ignored and instead of the system (4) we 
may investigate following one: 


dy; 
di 


Eb po R=zit 2; AO 
i=1 


In «Non linear transients» we shall consider the 
non homogeneous system (4) in order to determine the 
transients. The determinant of the coefficients 4,7 is 
frequently different from zero, generally, whenever the 
equations are the dynamic equation of a system involv- 
ing transfer of energy. The system (5) may be solved 
for the differentials and take following form 


dy; , 
= 4 CikVi 


di i 


(6) 


Fach set of solutions: y; (î = 1, 2, ..., 7) satisfies system 
(6) and 7 linearly independent sets of solutions 
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will satisfy following systems: 
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These systems of equations may be written as a 
single matrix equation as follows: 


Il 
| 
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dVi;x 


(7) | - {= Wal] 
L'ad 

We dispose now of the elements for the demonstration 
of the theorem developed in following section leading 
to the determination of a part of the frontier variety 
of the stability domain. We say that equations (6) or 
(7) have Cauchy’s form. 


3.) Theorem on the stability frontier variety without 
oscillations. 


Let us refer at the frontier variety of the stability 
domain by symbol SV. We may distinguish two sec- 
tions of it, one section, SV O, comprising the critical 
points corresponding to an operation with oscillating 
currents, and another section, SV N, constituted by 
critical points corresponding to unidirectional currents. 
The following theorem determines the latter. 


Theorem. — The section, SV N, of the stability 
domain frontier of the critical points corresponding 
to currents tending to infinity without oscillations, is 
analytically expressed by equating to zero the deter- 
minant of the coefficients figuring in Cauchy’s form of 
the homogeneous dynamic equations. 

Let us consider Cauchy’s form using the matrix 
symbold (7), and multiply at the right each member 
by a matrix | g;x| having 7? elements and whose de- 
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terminant is not zero; we have: 


na 
| 


ix | i " 
di | Igea |l= | Dax [-daxl- 1g LE 


Assuming now that matrix || g,,|| is composed by 
constants, and that it has a determinant different from 
zero, the product: 


i eee | 


is another matrix of 7 sets of integral solutions linearly 
independent from one another and constitutes an inte- 
gral matrix of a system of differential equations, whose 
matrix of derivatives is obviously: 


Iva | Wa | RR 

| se pia SRO 

Ve E 
and we may, therefore, write: 
ESSA 

A Sik a AS, Ciro || - 
| dé || I CID | 


By multiplying at the right both members of the last 
equation by | g;x| we obtain: 


| dVix | | 
| | | Dik 
pedane | 


| 
| . 
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to be compared with equation (107), and which may 
be written as follows: 


ES 


Vik 


dt | 


ha 
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where matrix | 4;y| is constituted by constants being 
linear combinations of the coefficients c;z of our original 
differential equations. This matrix is referred at as the 
«transform matrix of | c;x| by matrix | g;x|> and its 
determinant is evidently different from zero. Matrix 
| gx || is referred at as « transforming matrix »; they are 
correlated with one another by following relation: 


(9) |Zadl= |a oa ga] 


On the other hand, given a matrix | c;,|| of constant r? 
elements having its determinant different from zero, 
we can always determine a transforming matrix, having 
its determinant different from zero such that the trans- 
form takes a very simple form, for instance following 
form, called « canonical form »): 


OOO RR RON 
(0) 02 0 ca O 
(10) OBOE OO 3i E;ik Ok 
@r | 


where the «Kronecker's» symbold e,;z is equal to I 
when î = £ and equal to o when i=£ A. Let | d;z| be 
the transforming matrix. The values 01, 02, ..- @, 
figuring in (9) are the roots of following equation, 
referred at as «secular characteristic equation »: 


Cr OC? C13 DICE Car | 2 
(II) Ca Goo — 0 Cas e Car "a 
Cri Crz Cr3 Crr — È 


This property will be demonstrated in «Non Linear 
Transients » where matrices are extensively used. The 
canonical form (10) is obtained only when the secular 
characteristic equation has not multiple roots. When 
there are multiple roots the canonical form is less simple; 
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in «Non Linear Transients» multiple roots are also 
considered, and this demonstration completed, but, for 
the sake of simplicity, we assume here that (II) has 
not multiple roots. As a result of the previous transfor- 
mations we may consider, instead of the original dy- 
namic equations, following one: 


dY;x 
di 


(12) 


| 
(= 
| 


| | 

| Der 
| | 
Yet the integrals of this equation are immediately 
determined; 


Ol 


(Ss 


Vi= Axe 


A, being an integration constant. Thus the diagonal 
terms of matrix (10) are the exponentials of the expo- 
nents of the solutions, and there is an integral matrix 
of the form: 


| 


ext || 
Gago 


| 

Dex 
Let us decompose the exponentials 0, into real part 
0x and imaginary part 07°: 


n= x + 0% 


and let us vary with continuity the coefficients c;, of 
the original equations; the components 07° will vary 
with continuity and whenever the values of coefficient- 
C;x are such as to equate to zero one of these real com 
ponents, the corresponding representative point, hav- 
ing as 7? coordinates said values of c;,, is traversing 
the stability frontier variety S V. Thus for every point 
of Sì Wat least'onetof components lo, &= I 023 00, 
7, is becoming zero. But if the representative point is 
traversing the section S V N of the frontier variety for 
which there are no oscillations, then at least one of the 
diagonal terms of the determinant: 


| €ix 0x | 


is passing through zero. And reversely; hence necessary 
and sufficient condition for a representative point to 
lie on SV N is to have its 7? coordinates such as to 
equante to zero the latter determinant: 


(13) [en ero 


Yet there is: 
[alt lol: {{da]=]|exo0x]- 


From this matrix equation we deduce a similar equa- 
tion for the corresponding determinants: 


[dal :|oa]:|dak={er08]: 


Noting that the transforming matrix || d4,,| has a de- 
terminant different from zero, we deduce that || e;x 0x| 
is passing through zero when and only when | c;z|| is 
passing through zero and the theorem is demonstrated. 


4.) Corollaries. 

Reconsidering the process followed in order to derive 
the Cauchy’s form (7) of the dynamic equation from 
the original ones, we note that the matrix | c;z| is 
obtained by solving equations (5) for the derivatives 
dy; 
dt 
we may write equations (104) as follows: 


dVix ! 


i=1,2,...,Y. Using an integral matrix || y;x| 


di 
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and multiplying at right both members by | @;x|* 
we obtain: 


rl: 


dYix | 


di 


(14) 


| 
dix | 
| 


e 


| 
= salle val Al - 


If we assume that the matrix | a;, | has a determinant 
different from zero, the determinant of matrix | c;x| 
is zero only when the determinant of matrix | b,y || is zero. 

At this point let us subdivide the original dynamic 
equations into two categories, a first category corre- 
sponding to systems where energy variations occur only 
for the energy stored under one form, say the form 
due to magnetic field, and a second category correspond- 
ing to systems where energy variations occur also for 
energy stored under many forms, say energy due to 
electric field, energy due to mechanical movements, 
energy due to magnetic field. 

Let us first consider the first category of equations; 
then the original dynamic equations are all of the first 
degree hence already in the form of equations (5) 
and the coefficients 4; are linear homogeneous combi- 
nations of coefficients of, say, self and mutual inductances. 
In « Non Linear Transients » we consider matrixes consti- 
tuted by such coefficients and demonstrate that - their 
determinant is different from zero. Thus in the relation 
already found (see (14) ): 


iael-Naxl = | Gel 


the coefficients d;,, correspond to the direct current 
asymptotic operation, and the determinant of coeffi- 
cients a;, is not zero; therefore the determinant | c;x | 
is zero only when the determinant | d;, | is zero, and we 
may deduce following corollary: 


f* Corollary I. — Section SV N of the stability domain 
frontier of the critical points corresponding to variables 
tending to infinity without oscillations, is analytically 
expressed by equating to zero the determinant of the 
coefficients of the static equations corresponding to 
the asymptotic non oscillating operation, whenever in 
the dynamic equations figures the variation of only 
one kind of energy. - 

In Chapter I, we were careful to apply the investi- 
gation of the direct current asymptotic equations only 
to cases where the dynamic equations registered a 
variation of energy only due to magnetic field; we 
indicated there the deductions of the investigation only 
as probable. Yet a rigurous demonstration based on the 
arguments there developed would require only a further 
refinement of same arguments but the latter corollary 
renders it useless; whatever deduction we derived there 
as probably becomes now certain. 

Let us consider the second category of dynamic 
equations. We may further subdivide them into two 
classes, a first class where the derivatives of each variable 
of highest ‘order in the dynamic equations represent 
exclusively:the variation of only some forms of energy, 
say forms Fi and F 2, and a second class where this 
does not happen. 

The process applied to the first class, for deriving 
the Cauchy’s form of equations from the original one 
leads us to a matrix equation (7) where the coefficients 
Cir are the coefficient of a system of linear homogenuous 
equations expressing a pseudo static. operation where 
all :derivatives representing the variation of forms Fi 
and F 2 of energy are missing. We then say that matrix 
|| c«x|| corresponds to a «pseudo static» operation because 
a real static operation comprises only the terms of the 
original dynamic equations without the signal of de- 
rivation with respect to time. Now we may apply same 
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arguments as developed for the demonstration of Co- 
rollary /, to both classes and assume that the coefficients 
of the highest order derivatives in each original dy- 
namic equation form a matrix whose determinant is 
not zero; we then obtain the demonstration of follow- 
ing corollary: 


Corollary II. — Section SV N of the stability do- 
main frontier of the critical points corresponding to 
variables tending to infinity without oscillations is 
analytically defined by equating to zero the determinant 
of the coefficients of the pseudo static equations consti- 
tuted by the original homogenuous dynamic equations 
deprived of their derivatives of the highest order of 
each variable and having all other derivatives replaced 
by new variables. 


Corollary III. — If the derivatives of the highest 
order of each variable in the dynamic equations are 
the only terms corresponding to a variation of energy 
of only some forms of energy, say forms F 1 and F 2, 
the stability frontier variety without oscillations, S V N, 
is independent from the variations of energy of forms 
F 1 and F 2, but it depends on the variations of energy 
of other forms indicated in the dynamic equations. 

The main interest of the theorem and its corollaries 
lies in the fact that they are expressed by equations 
we may construct ignoring the coefficients of the deri- 
vatives of the highest order of each variable. 


5.) Comments and examples. 


The knowledge of the section S V N of the stability 
domain frontier is practically more important than the 
knowledge of the section with oscillations S V O because 
the latter is generally preannounced, during the tests 
by the rising of moderate oscillations. 

Under the assumptions made the equation defining 
variety SV N may be written under the three follow- 
ing forms: 


(15) | car | O 
(16) |ba|] =0 
(17) lemon] = 0102 --.0=0. 


We may give to same equation another form by or- 
dinating the secular characteristic equation (11) with 
respect to o as follows: 


S 


fa? Cia : . Cir 

| Cai Coo —_ Q Car =. Etre BA 
| Cri Cra " s Cir — Q | A A 0 
| - Co i: 


and remembering that the product of the roots of said 
equation is equal to (—1)" ©; we may write hence as 
equation of SV N following one: 


(18) CE=10: 

Equations (15), (16), (17) and (18) are of order 7 
with respect to the coefficients figuring either in matrix 
|a] or in matrix |dyg| 

In a given problem the variables are constructional 
or operational quantities, figuring in the algebraic 
expressions of the above indicated coefficients. Such 
quantities are the number of turns of some stator wind- 
ings, the angular location of their magnetic axis with 
respect to same brushes, the rotational speed of the 
armature, and so on. Let us call x, , #3, ... xy these 
quantities; equations (15), (16), (17), ((18) yield as 
many equations in in x, %, ... %, which generally 
are of an order, say g, different from 7, and frequently 
lo 201 

The hyperspace, in which we are then interested, 
has only g dimensions; if g = 3, we have an three del 
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mensional space, if qg = 2, a surface and if g = 1, just 
a line, and variety S V N is then reduced to a surface, 
to a line and to a set of points, respectively. In all exam- 
ples considered. in Chapter I, we had only variable 
parameter, generally the rotational speed, n. 

Let us now, give some examples of application. 

A first one may be the case of two shunt windings 
connected between the secondary brushes treated in 
section 10. The dynamic equations are all of the first 
degree and the differential terms correspond to variation 
of energy of the magnetic field form; thus Corollary I 
applies and the determinant of the coefficients of the 
static equations, equated to zero represents the section 
SAVANE 

Fig. 18 shows the scheme of a second example cor- 
responding to the two last corollaries. The homogeneous 
dynamic equations are, with the usual symbols: 


vinculator 8, traversed by current Ig and connected to 


È I x 
capacitor C, = a in parallel with an inductance, Ls 
n) 


having a resistance R,. 
The homogeneous differential equations are: 


i =g d 
(1 nl Ly) Iac + (» Ko +L_—--|La + 
dt di 


s d 
+ L, ——Ig=0 


dt 
d d 
Has Ro ch: Li 2) Tra "tt 
di di 


+ a RO Ig =0 


(» USEAZNE 


d? d d 
È +R + ili + [ao 
dt? dt dt 
(19) 
d? d d? 
[i + n Ron |tu-|1-T- + 
dt? dt di? 


In order to give the Cauchy’s form to these equations 
we put 


d d 
het ; VS 
dit di 


(20) 


and we substitute in equations (19). The latter thus 
transformed added to equations (20) form a set of 
equations whose matrix of the coefficients of the non 
differential terms is: 


SE o) Tag n Kg | 
O) SD n Kr Ro 
O © I o 

| (o) o 


the first, second, third and fourth colums corresponding 
to variables Yo: Ira: Y3 and y, respectively, and the 
first, second, third and fourth row corresponding to 


E) 
l0°55 


the first, the second, of equations (19), the first and 
the second of equations (20) respectively. 

The determinant of this matrix is: S, Ss which, 
equated to zero, show that the stability frontier variety 
without oscillations is defined by capacitors of infinite 
capacity and that as long as the capacitors will have a 
finite value the stability frontier is completely consti- 
tuted by points corresponding to oscillations. 

For a third example we refer to fig. 19 showing the 
scheme of an S generator metadyne provided with 
series winding suggested by rectangles A, 18}, Co, AD 
opposite to brushes 4, b, 6, d, respectively, further 
comprising a secondary variator winding I and a primary 
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+L 


d2 
| = (0 
dt? 


d 
MSI IERESAUaE_07 
di 


(270) s d? d d? 
IL IE; VSS FAES ls — 
di? dt dt? 
SUE 
d? d* 
=+Sglg==Lz Te + Le ds 
dt? di? 
d 
Re—(Ig—I3)=0 
dt 


Let us add to this system following equations with 
new variables: 


d dI$ dIe 


dt di di 


Substituting in equations (21) and ordering, we obtain: 


d 
n gag ANI OP DI VT Io 
dt 
+ Ly =0 
d 


Det 4 Krla — Rosa Sp 
È 


+ ko lysiy 


==} 10) 
(23) 
d S d d 
oi ae n e 

di dt dt 
d d 

+ Le {; Le Va + ReW — Rea — 
di t 

— Sele = 0. 


A. simple inspection of the two first equations (23) 
shows that the the determinant of the coefficients of 
the derivatives is zero, hence there is a linear relation 
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between the variables. We obtain this relation by eli- 

minating A Ia between said equations: 

[ie Ly, FORLI ale et 
4:Ign K°,LA4J, (Lyl, 1) + 


+ Tera = 0 


(24) 


by means of which we may express one of the variables, 
say 1% , as a linear homogeneous function of the others: 


15 = A Lia AE B Ia “up (CY5 sr Dye) 


the coefficients A, B, C and D being readily determined 
from (24). Substituting in the three last equations 
(23) and in the (22) we reduce the system to six equa- 
tions and the matrix of the coefficients of the variables 
to 6 x 6 elements. Equating to zero the corresponding 
determinant we obtain the equation determining the 
variety SV N. In this determinant figure coefficients 
corresponding to all forms of energy considered in 
this case. 


B) Approach through a simplified chavacteristic equation. 


6.) Outline of the method. 
7.) Example. 


B) APPROACH THROUGH A SIMPLIFIED CHARACTERISTIC 
EQUATION. 


6.) Outline of the met nad. 


In Chapter I wc have investigated some cases 
where the characteristic equation is of a degree higher 
than two, by observing that some terms of the equa- 
tion could be neglected for approximate results, and by 
solving the simplified equation. We reconsider here this 
proceeding and develop it. 

Inspecting an algebraic equation we may judge that 
the omission of some term would not modify basically 
the location of the roots on the Gauss plane; well known 
rules for numerical approximate solution apply same 
fundamental concept. Having located on the Gauss 
plane the roots of the simplified equation assumed 
solved, we reconsider the original equation comprising 
all terms and either we determine the approximate nu- 
merical values of its roots, or we trv to circumscribe 
an area of the Gauss plane in which said roots lie, reduc- 
ing said arca as much as possible. The location of this 
area in the Gauss plane informs us about the nature of 
the roots and hence about the mode of operation. In 
fact the most important information is the one regard- 
ing stability and quick response. 

We remind the most commonfoerms of algebraic 
equations permitting a ready expression of their roots 
as algebraic functions of the coefficients. 


MARE lo = (ax? + bx + c)ét=d 


GB 4+bx+c= 0; (a738+bx+c)t=4d 


(25) 


AXP+baP +c=o0; (ax? +bar + c)d=d 


a132 + bar +c=0; (aa389 + ba + c)t=d 


By conveniently modifying the variable parameters 
we dispose, we may shift the roots of the simplified 
equation well within the portion of the Gauss plane we 
want to have the roots. Then around each of said roots 
we draw closed integral lines, y, along which we calculate 
Cauchy's integral: 


n @df (2) 

(26) dz 
de=2nj(M—-N) 

vv fl) 


where f (2) is a meromorph analytical function of the 
complex variables within the area comprised by line 
y, and an holomorph, different from zero, one upon 
said line y, and where M and N are respectively the 
number of the zero points and of the pole points of 
function f(z) lying within said area, each zero point 
and pole point being reckoned as many times as there 
are units in their order of multiplicity. 

The function f(#) we consider here is the polynomial 
corresponding to the original characteristic equation 
and therefore M is the number of its roots taking into 
account their order of multiplicity and N is zero because 
the only poles of our function lie at the infinite, while 
we will keep the integral line y at finite distance from. 
the origin. 

We proceed calculating such integrals until we find 
where all roots are located and until a sufficient degree 
of approximation of the location of the roots is reached. 

During calculation of the Cauchy integral we must 
check, that the function under the integral be holo- 
morph along the integral line; this is easy because if 


f (£) is holomorph, its derivative is also holomorph and 


if f (2) is diminishing towards zero, we have practically 
located a root, and either we have found all roots and 
we may discontinue the calculation of the Cauchy'’s 
integral or we increase the area comprised by y in order 
to include all roots sought. 

If the simplified characteristic equation is derived 
from the original one by elimination of the highest 
powers of the polynomial, the complementary roots 
of the original characteristic equation spring out from 
the roots of the simplified equation (see fig. 20, where 
the roots of the simplified equation, of the 3rd order, 


are three, 4, d, c, and the roots of the original equation 
atlete; dal CiO RDoo Gc di 
is derived by eliminating the lowest order terms, the 
complementary roots spring out from the origin of the 
Gauss plane. The method of using the simplified charac- 
teristic equation and solving it, has upon the method 
of approximate numerical solution of the original cha- 
racteristic equation, the advantage to permit a conve- 
nient choice of the variable parameters in order to bring 
the roots of the simplified characteristic equation, well 


If the simplified equation 


within the desired area of the Gauss plane. 


7). Example. 


Let us reconsider again the S generator metadyne 
of fig. 19 and start from dynamical equations (21), where, 
for the sake of simplicity the coefficient of the mutual 


Fig. 19. 


induction L, is assumed being equal to zero, set to this 
value in any of the ways indicated in the previous 
chapter. 


The corresponding Laplace transformed equations 
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are 
(Rio Rit 
+ Lal (=nK%,1,(1) 
n Krnlac(t) — (Ro + TL) Ia (1) + 
+ n KÈ, Ig (1) = 
SODO, 
3a 
(27) LAI e AI e 
di 
d 
— Li" 1s(=0) 
di 


—[Se + tRe+1t°Le]Ie(1) + 
+ [1 Le + t Re]Ie (1) = 


d d 
= (iL (110) ==5 (£ -») 
dt dt 


where we have assumed that the exciting function I, (t) 
may be chosen at will, and that the original values 
of all currents is zero. 

We may eliminate /, (7) from the two last equations. 
We replace thus the third equation of system (27) by 
following one: 


ENO a RISI) 
—[(x* Ls + t Rs)(tLe +1 Re + Se) + 
Cola 

d 


= SeLe —PIg(t=0)— 
di 


(28) 


— [Se Le + Ls(t*Le + t Re + Se)] 


d 
—-Is (è — #0) 
dt 


In this way we may investigate the system of three 
equations composed with three unknowns. The deter- 
minant of the coefficients of the corresponding homoge- 
neous svstem equated to zero gives: 


Roe 211 DEE 
(29) IK ARIEL) 
CILE +aR_ HS) o 
€ € E 


We can set the machine so that R_ = fi =0 as We 
have seen in Chapter I; we may also set fr, = fg as 
ve will see later on but for the time being we will neglect 
the terms expressed by £, or 5 and thus obtain instead 
of the above original equation following simplified one: 


DARA 
LL QOISISO TESE DOSE, DI 43 

LI — Sg L(IÌ}] + n K, Se[Kx (La + Ld— 
BM — a + bat + eg-=0. 
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This equation has two roots equal to zero and the 
other four may be expressed by following relation: 


re anna 
= 
2a 
—bt vb—4ac 
tè? t°= = 
2a 


Let us consider the sign of therms a, bd, and c. The latter 


is obviously positive. Note that XK, Lg is equal to vo: To 
and hence è and c simplify as follows: 


PRI ETA 
c=- n Ka KxLe Se 


both essentially positive. 
Thus the two values of t, ?, t,° will be negative whe- 
never following relation is satisfied: 


ME (LÒ)a] CRSKGNEt_ 
(30) c 
= ENER]: 


In this relation we may consider as practically easily 
variable parameters, following quantites: Sg, n and ICE, 
they may be set without -changing windings of the 
machine. 


Fig. 20. 


When (30) is satisfied the factors composing the 
polynomial of the reduced equation are: 


(OR 


and there will be two steady sinusoidal currents having 
as pulsation V—7,} and N/— 3°. 


tI 


n Kè, 


—[(72Lg + tRi+S)(CL+tR4S)_(5)] 


If the two members of relation (30) become equal, 
i[L; Is (1°h]a Kg EL = 

(31) 3 

cele Le? 


the square, say 7,°, becomes zero and there will be only 


one sinusoidal current of pulsation y/ —7,*? and the 

factors of the polynomial of the reduced equation are 
(t — 0) (1-1). 

For satisfying equation (31) and simultaneously giv- 

ing to pulsation /— 7° a predetermined value, we 

dispose of three casly set parameters, Ly, Sg and 7». 
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Let us assume that the two parameters Lg and S, are 
set such as to satisfy equation (31) with a predeter- 
mined value of the speed 7; we may now investigate 
how the roots of the original characteristic equation vary 
when resistances Rs and /, departing from zero vary 
and reach values in agreement with the practical con- 
struction of the machine. 

We return to the original characteristic equation (27) 
(simplified by the assumption that R,_ = 7 =9 of it 
is so desired) which we may write as follow: 


f(t)=0 


where f(t)is a polynomial of the sixth degree in 7, 
and apply Cauchy’s integral formula (26). 

The roots of the simplified characteristic equation are 
located on the Gauss plane on the imaginary axis, four 
on the origin and two at pointsj y —t,* and — j VT? 
as indicated on fig. 21. Four roots will spring from the 
origin say to points a bcd and two will spring from 
points +7 /—a? say to points g and A. As integral 
lines we may choose the two rectangles indicated by 
dotted lines and for convenience and labor saving we 
may record graphically the operation step by step by 
taking as variable the length of the integral line. 

If after some repetitions of the integration we have 
approximately located the roots as fig. z1 shows, we 
may deduce that there will be six transient terms cor- 
responding to points, a, dè, c, d tending to zero and two 
transient terms corresponding to points g and / tending 
to infinite through oscillation. It is very probable that 
the latter will stabilize on a single slightly distorted 


Fig. 21. 


sinusoidai, because of the iron saturation. This hypo- 
thesis may be checked by changing the coefficients 
according to saturated iron and finding that then the 
roots g and A tend to enter into the left side semiplane. 

If the machine is available it will generally suffice 
to determine the roots of the simplified characteristic 
and to proceed by test to a final setting. 


C) PROCEEDING BASED ON THE « PRACTICAL DURATION » 
OF TRANSIENTS. 


8) Preliminary definitions. 


Let us consider a variable, quantity, 4 (t), uniform 
function of time, #, when the independent variable, #, 
tends to infinite. It is frequently possible to determine 
a function y (t), having, generally, a simple expression, 
such as to have: 


lim|y(t) — x (2) 


t+> 2 


= 0. 


(32) 


We say then that x (#) tends asymptotically towards 
y (t) and we refer at the latter as the « asymptotic » 
function of x (f). 


858 


We call the difference: e (t) = y (4) — x (?) the « van- 
ishing » transient of 4 (t) with respect to its asympto- 
tic function y (£). 

We may construct many asymptotic functions y, (%), 
Ya (t), ..., Ya (t); there will be then as many « vanish- 
ing» transients. We will henceforth assume that we 
have chosen only one asymptotic function, the most 
adequate for the special purpose set. 

For approximate calculation involving the function 
x (t) after the instant i, , the asymptotic function y (8) 
may substitute x (), provided the vanishing transient 
z (t) has for t > t; a modulus smaller than a predeter- 
mined value e. 

Assuming that x (t) is a heavisidean function beginn- 
ing at t = 0, we say that the practical duration of the 
vanishing transient x (t) is tpg if 


RA(0 Ea 


The value of e is arbitrarily chosen according to the 
degree of exactitude desired. 

When many variables x,, 4, IO AH LE RIMA, 
system of differential equations, it is frequently pos- 
sible to foresee the nature and sometimes even the 
values of the corresponding asymptotic function and 
the relative vanishing transients. 

In this case we frequently find that the practical dur- 

ation of the vanishing transients are very different from 
one another, say ten, hunderd, thousand times larger; 
we may then subdivide the variables into many groups 
say the group G, comprising variariables x,, 4, 
Xy, group G, comprising variables £y,1, £g42>: --- 4% 
and group G; comprising variables 41, 442» - - - fm» 
the practical duration of the vanishing transients of the 
first group being, say, of the order of 1”/1000, the or- 
der of the practical duration of the second group being, 
say, of 1"/1o and the order corresponding to the third 
group being, say, of 2”. 

We further, knowing the nature of the solutions, 
da, (t) 
di 
... m are small and to zero for any instant having a 

value larger than the practical duration. 

We may derive informations abouth the asymptotic 
values by investigating the static equations of the sy- 
stem taking into account the results of the application 
of the methods described in the previous sections of 
this chapter. 

Under these conditions a drastic simplification of 
the approximate solution of the dynamic equation may 
be obtained by applying the proceeding given in the 
following section. 


he a,b e 


may foresee that the derivatives 


9.) Description of the proceeding based on the practical 
duration of the vanishing transients. 


Let us consider the system, S, of 7 differential equa- 
tions in the w variables x, (t), 43 (t), ..., Xa (6), de- 
scribing the dynamic bahavior of a transient operation, 
all said variables being heavisidean beginning at { = o, 
and where we are able to subdivide the variables into 
three groups G, , G, and G; having a practical duration 
of their corresponding vanishing transients of different 
order when passing from one group to another. Let be 
Ka (0); #3.(0)} La, A (0)7 the variablesSof group G, and 
tra the approximate value of their practical duration; 
Kosa (d), £ gx (0) DAS MO and l’ ra the corresponding 
quantities to group Gy; Eny1 (0), Xn4a (0), ii (8) 
and ?“,a the ones corresponding to Group G;, where 
there is: 
(33) RARA 


L’ELETTROTECNICA 


J. M. Pestarini — Metadyne dynamics: Linear transients 


In order to check this fact, we may consider the 
dynamic behavior of the variables of one group while 
the variables of all other groups are kept constant, 
and preferably different from zero. 

_ We assume that the investigation of the static equa- 
tions has yielded the asymptotic values, Xx, X}, .. 
Xm of the variables. 

In the system S we delete the terms with the deriva- 
tives of variables Xaz1 (0), eta (2) co dia) 
as factors, and we substitute the arbitrary, non zero 
values AI, SE aa Ang seppe VO. dI VE 
riables x, (2), - >» mt) in all other terms where 
these variables are figuring and we obtain a system, 
S, where the unknowns are only the variables x, (t), 
%5 (t), ..., &y(t). Within this system we choose a sy- 
stem, S,, of only g equations independent from one 
another and able to yield the solutions for the last 
mentioned variables. These solutions will thus be ex- 
pressed as functions of the arbitrary values Agi: 

i 

We return to system S and delete all terms having a 
derivative of functions Dry (0), Ana (Ar (0) WE 
substitute the non zero values AGI a 
to said variables in all terms where they appear and 
further we substitute the asymptotic values X,, X3, 
-- ra Xytoxg (ti), #3 (t),...,,(t) andin case the asympt- 
otic values of these variables are periodic functions, 
we substitute their derivatives to the corresponding 
derivatives of said variables. We obtain thus a system 
Ss where the unknowns are only the variables 4,41 (2), 
ag (0 - > 4 (t). Within this system we choose a 
system S, of only 4%-g equations independent from one 
another and able to yield the solution for these variables, 
solutronsfexpressedfinetunetonKo RR 
andati) Apr A gli 

Again we turn to system S and substitute the asymp- 
toticavalues tg Xg5 ga ey 140 thelcor= 
responding variables and in case these values are pe- 
riodic, we substitute their derivatives to the derivatives 
of the corresponding variables. We obtain thus a system, 
S3 , where the unknowns are only the variables x,41 (£), 
Xn42 (2), -> Xm(t). Within this system we choose a 
system, S,,, of only m — % equations independent from 
one another and able to yield the solutions for the 
last variables, solutions expressed in function of X,, 
Zio o 

At this point we check whether the assumptions upon 
which the previous operations were based are correct, 
and, if necessary, we may repeat the operations modify- 
ing conveniently the assumptions. If we arrive to satis- 
factory results, then from the value that the variables 
A(eiizia (0). A (0), take atran instant, h,, we 
readily derive the corresponding values taken by the 
variable 4,1 (4), 4342 (4), ...  4,(t), and finally we derive 
the corresponding values taken by the variables x, (2), 
x» (£), co MA 

This proceeding, when it succeeds, splits the given 
system S of m differential equations, into three separate 
systems S,, S, and Sn of g, h-g, and m-h differential 
equations. 

Whe have considered three groups, G,, G, and G3; 
similar proceeding may be applied to any number of 
groups. 

If in particular we can consider as many groups as 
there are equations, the solution of m simultaneous 
differential equations is reduced to the solution of w 
independent single operations. 

The proceeding yields only approximate solutions and 
the approximation is higher the more emphatic is the 
relation (33). 


at, 
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CHAPTER III 


METADYNE GENERATORS, MOTORS AND 
TRANSFORMERS 


A) Metadyne Generators. 


C generator metadyne. 

F generator metadyne. 

D Generator metadyne. 

Alpha motor metadyne. 

Delta motor metadyne. 

Theta and Gamma motors. 

Metadyne transformers; the « Cross Transformer ». 
The Caduceus transformer. 

The Saturn transformer. 

Some general remarks. 


O 0 NI DIUAIRARW NH 
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A) METADYNE GENERATORS. 


I.) C generator metadyne. 


Fig. 22 shows its scheme: four equidistant brushes 
per cycle, a, d, c, d, the armature being driven at a ge- 
nerally constant speed, 7, by a prime mover. Between 
brushes and corresponding terminals, A, B, C and D 
any series winding may be inserted having as. magnetic 
axis the commutating axis of the primary brushes, 4, 
c, or that of the secondary brushes, è, d, The primary 
terminals A and C are connected to a constant voltage, 
V, line; the secondary terminals, B and D, are shown 
connected to an external circuit having a resistance, 


V=cost. 


Pigi 22. 


R,, a reactance L,, and inducing an electromotive 
force V,. There are further following stator windings: 
a secondary variator winding I, traversed by RD 
secondary shunt winding, 2, connected across the pri- 
mary terminals, and traversed by /,; a primary va- 
riator winding, 4, traversed by /z, and a primary shunt 
winding, 3, traversed by /y. The arrows indicate the 
direction of the ampere turns for a positive value of 
the current. 

The normal operation current, may be direct current 
or alternating current; the nature of the current does 
not modify substantially our dynamic equations and 
the final results here under obtained; of course if al- 
ternating current is considered, phase transformers will 
be generally adopted not represented in the figure but 
readily determined by following the example investigated 
in « Metadyne Periodics ». 

Let us continue to adopt the usual symbols and 
write the Laplace transformed equations: 


(E RI (TT Ia CE) rale 
(1) ar ero, LR 
Sarah, IA der n KS: [e (1) 
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(1 K,TL)Iac(t) — (Ro + La) Isa (t) — 


AIDA a) 


iv 


= — V, (1) — n KÈ, Ig (1) — n KI (0) 


Rin (RA ille ale 
—tLiL,(q) = 0 
E) (gglle) = (IV + Va (7) # 


— aL Ia(—rLiIg(7) = 


The symbol /, is the sum of all coefficients that 
multiplying the current /ya will give the e.m.f. induced 
in the secondary circuit being proportional to current 
Ira, which comprise a possible component e.m.f. of V,, 
component due to a series field winding of the rotating 
machine M. 

Voltages V and V, may be unidirectional or alter- 
nating; similarly Ty and Ig may be unidirectional or 
alternating. 

We may assume that all currents and voltages are 
heavisidean beginning at ft = o. Then the nature of the 
vanishing transient is determined by the solution of the 
above written dynamic equations after deleting foll- 
owing terms: 

i alice L, (0) eList (ERE TETS refer to the thus 
obtained system of four equation by the letter S. There 
will be four unknown variables in S: Iac(T), Isa (T), 
Is (t) and Iy(t). Our interest will thus be focused on 
the determinant of the coefficients of the four last 
mentioned variables. 

Calculation of the roots and their comments will be 
laborious. 


Re +aL, 
(6) 


nKx,-trL 


We take advantage of the results obtained in Chapter I 
for deriving a solution which is approximate but easily 


a=*L3 (- n Ki, 


= 


fi (t ca 


and quickly obtained. For this purpose we adopt the 
arrangement shown by fig. 23 using two amplifier me- 
tadynes A M, and A M, by the intermediation of which 
variator currents /, and /g and the shunt winding 
currents /, and /y are acting upon the C.G.M. 

The power absorbed by the secondary variator wind- 
ings of the amplifier metadyne is so small that we can 
easily afford to insert in their circuit a large resistance. 
Under these conditions and taking into account the 
results of section 7 of Chapter I, we may admit with a 
fair approximation that the following mutual induc- 
tances: L},, BM DET i Ict 6) are practically 
zero and simplify the system of the Laplace transformed 
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4A (1 —n KS, 


equations as follows: 


(PR, +0 L)Iac(t) + (HKa+.tL)Ia(t)= 


sE s 
I—-n Kac 
Re 


AK L\Ig(r) = 


)rei por) 


(5) 
I 


Rt 


—|herrnonsi (419 tuto = 


Fig. 23. 


The equations are now only two as equations (3) 
and (4) of the original system are, in a simple way, 
incorporated into equations (5). 

The determinant of the coefficients of the unknowns, 
Tac (T) and Iya (t), is a simple one and the corresponding 
characteristic equation is: 


nK,+t TL 


\ 

Ì 

| 

ARR: \l 

Pigi Roe ttL—nKsa (Ra TL 
Ry | 


a second order equation of the form: a 7. + br+c=o0 
where 


Sb 
las 

Rx 5 
R, nare 

+ Raf L. n Kia +nL(KxT Ko) 
Ri Rr 

vira 

RK 

Ri 


The nature of the roots of equation (6) is readily 
recognized and the relative comments are easily drawn 
from values (7). For a simple example let us assume 
that the metadyne is planned in such a wav that the 
mutual induction, ZL, between primary and secondary 
circuit is zero; let us further assume that winding 3 
is arranged so as to fulfill following relation: 


(8) RrL—nK&L,=o0 


Under these conditions equation (6) is reduced to 
a first degree one whose root is: 


R, (Ro Rt—n Ki, Rs) + Ren K Kg 
[0] = DeL 


Ly (Ro Rr—n Ki R}) 
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and the system comprising the main and auxiliaries 
metadynes and the external circuit has a dynamic 
behavior practically equivalent to a simple circuit hav- 
ing a time constant equal to: 


Li I 
T= £ 
2 BIG IEC2 
(9) ICE 
{ Raf 
Rrlto — n Kia 
Lit 


if there is 


Rag n hi, Rig 00 


{10) and CRE —07 
Then 

iL, 

T= 

oa 
[L'iftberesis 
È Ro Rr—nK&R>o 

and Sia ira DIE 


or inversely: 


(12) Ro Rr—n KR <0 


and UEMEEZIO 


the time constant 7 can be easily be given a value as 
small as we like. We must remind at this point that 
these results are derived starting from the assumption 
that the auxiliary reactive amplifier metadynes act as 
if the mutual induction between the stator coils ener- 
gized by them and the main metadyne circuits were 
practically negligible. As this assumption is only ap- 
proximate the results here above derived are also only 
approximate. 

A  characteristic feature of this course is the study 
of each element of the metadyne system separately 
so as to prepare the background for the « Combina- 
tory ». The element considered in a section may be 
readily combined with the elements considered in other 
sections and as a rule it may be embodied into most 
kinds of metadynes. The development carried out in 
this section is an example of this rule. 


2.) F generator metadyne. 


This special type of generator metadyne is usually 
driven at a constant speed, 7, by a prime mover whose 
power is limited at a predetermined value which must 
not be exceeded. Such a prime mover is any constant 
torque machine revolving at an arbitrarily defined con- 
stant speed. A gas engine and a Diesel engine are such 
prime movers; a series excited dynamo or a separately 
excited dynamo with a fixed number of ampere turns; 
inserted into a constant current loop, are further ex- 
amples. 

Under these conditions when the resistant torque 
exceeds the above mentioned constant torque value, 
the speed tends to increase and the inverse occurs when 
the resistant torque decreases. Thus the / generator 
metadyne is provided with a speed sensitive device 
which modifies the control currents when a small discr- 
epancy of the speed, n, appears. A regulator dynamo, 
already described, in « Metadyne Statics» is such a 
device endowed further with an easy setting of the 
desired value of the speed n. 
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Fig. 24 shows the simplified scheme of this special 
metadyne having four equidistant brushes, 4, d, c, d, 
any series winding inserted between the brushes and 
the corresponding terminals A, B, C, D, provided with 
a secondary variator winding, 1, traversed by the control 
current /,, and coupled with a regulator dynamo R D, 
whose current, /, traverses a secondary regulator wind- 
ing, 2. The regulator dynamo is series excited and 


Sa 


connected to a d.c. source, say a battery B 7, through 
the regulator winding; a device H, is inserted into the 
regulator current circuit permitting to said current, 7, , 
to fiow only in the negative direction, i.e. causing che 
regulator dynamo to develop an accelerating torque. 

The ampere turns created by positive values of J 
and /, have same direction. Ù 

The metadyne, F G M is, generally, reactive, and for 
a constant value of /, and for /,=0 it will supply 
a practically constant current until saturation is rea- 
ched as characteristic a d c d e shows in the diagram of 
fig. 25. In the same diagram, pd qdris an equilateral 
hyperbola whose power corresponds to the maximum 
power that the prime mover must supply. 


Fig. 25. 


As long as the representative point slides along the 
segment a ò, the current /, , if permitted to flow, would 
be positive. When the representative point reaches ., 
the current /, is zero and for increasing values of £Exg 
it becomes negative, it traverses winding 2 and the re- 
presentative point slides along the hyperbolic segment 
bqd. At point d again /, becomes zero and for further 
increasing values of E£,g , the representative point slides 
along segment de. 

The fact that at points d and d the direction of TC 
is inverted passing through zero, may be utilized for 
acting an apparatus H and cause it to operate as a 
discriminating valve. 

Let us now write the equation of the dynamic oper- 
ation. 

There are four unknowns: Lac > Zba » To and the speed 
n (in revolutions per second). Let us call 7, the critical 
speed of the regulator dynamo, for which speed there 
is/.= o; the polar inertia of the rotating member of 
the F.G.M. and the other rotating members coupled to 
it; Q, the nominal torque of same metadyne. 

The investigation described in « Metadyne Statics » 
concerning the operation of the regulator dynamo leads 
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us to adopt, with a satisfactory approximation, follow- 
ing linear relation for the asymptotie value of the re- 
gulator current: 


(a) I,l=C(n_ n). 


Formulae expressing the torque, given in « Metadyne 
Staticsy» have the form of an algebraic homogeneous 
polynomial of the second order with respect the meta- 
dyne currents, hence with respect our unknowns. 

Let us assume that for t< 0 the switch S is open 
interrupting the circuit traversed by the regulator cur- 
rent /. and that the representative point operation is 
at c on the diagram of fig. 25, the speed of the machine 
being n, < % and the currents /a,, and /pq having 
the values /,, (£=0) and IJ)g(£ = 0) respectively. For 
t=o the switch S is closed and a transient phenomenon 
starts giving rise to following heavisidean currents: 
Ip} Iae — Lac (t = ©); Iva — Iva (t = ©); further the speed 
starts increasing from », towards », accelerating the 
rotating members of the system. 

The dynamic equations expressing the behavior of 
cutrents Lige > Ira > IL and / y in their respective circuits 


are: 
d d 
Rn. 4 Lo |Zao (tt [MKo+L_-|Is0(8) 
dt 
CK I, (= RL) 
d \ d 
nda Lodato Rota bra) 
dt di 
d 
y. (e 
su Lia Iy (t) Lva Tp (2) SS 
dt dt 
+ V,(t)=0 
(14) 


d 
Vy—-nKpIp(t) — (ti + Lo ) L gi 


4 ba d 
— Lp —Iy(t} — Lo — Ia (t)=0 
di di 


d p d 
Vg— Ity + Ly x: Iy (t) Ly 
al 


—LY — I (t)=0. 
dt 


In order to write the dynamical equation describing 
the behavior of the speed, n, we must express the elec- 
tromagnetic torque, Q developed by the G FM: 


I 


DX >P a 
Q= [tel +e LA 


23 


eco tv | 


(15) 


Where symbols S%° and S?% correspond to compensa- 


tors and 5% and S° correspond to stabilizers. 

Let us decompose each current, for instance the 
current /,, , into the value I, (f = ©) it had fort <0, 
and the heavisidean additional component /',, (t) start- 
Iioga tali -0r 


Tac () = Tag (= 0) + Ias (8) 
and assume that the representative point c is near to 


the representative point s when the variation of the 
speed 7 practically occurs. 
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Under these conditions the second component 1‘; (t). 
is very small as compared to the first component / 4; (f=0) 
and if we neglect the former, the expression (15) in 
view of (13), simplifies as follows: 


(16) Q=:/A(n—n)—B 

where A and B are constants, the constant A has a 
positive value. Thus the equation describing the mo- 
vement of the rotating masses may be written as foll- 
OWS: 


dn 
+Fn=A(n—-n)-B+M 


(17) za] 


dt 


where the second term of the first member corresponds 
to friction and great part of iron losses, and where M 
is the positive, practically constant, torque of the prime 
mover. 

The time constant of the exponential of the solution 
of equation (17) is: 


J 
(18) 


T=:2% 


In order to estimate the numerical value of this time 
constant we may revert to texts on normal metadynes. 
We find thus that: 


1.) The friction and iron losses at nominal speed ab- 
sorb 2 to 6 per cent of the nominal pover; as an 


average we may take Fn, = Oy; 


IOO 


N 


A simple regulator dynamo is able to create the 
nominal torque for a speed discrepancy of 3% to 
1% Of the nominal speed while an accurately plan- 
ned one, reduces said speed discrepancy to 0 5% and 
less; as an average we may thus take: 


2 


A — Wo = Ox; 


IOO 


3.) When starting a metadyne under the action of 
its nominal torque, it takes 2" to 5” for the medium 
size machines rating 2 to 50 kW at 1800 R/m and about 
15" for larger ones rating 300 kW at 1oco R/m; as an 
average we may take 5”. 
Neglecting friction and iron losses during the starting 
period, the equation becomes, for said period: 


dn 


2znJ_—= Qx 
dt 


from which we obtain the starting time: 


2070/07 
(19) i —= gs”. 


Let us multiply both members of the fraction (18) 
by n» and neglect F with respect to —A, we obtain 
in view of the here above three test results: 


50 10 


Yet the time constants of a well planned metadyne 
circuit are of ten to hundred times smaller. We may 
therefore apply the method of the < practical time 
duration» developed in the previous chapter and se- 
parate equation (17) from equation (14), considering 
only one variable, the speed » and substituting the 
asymptotic, constant values to all other variables. Same 
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reason justifies the assumption here above accepted that 
when the modification of the speed is practically per- 
formed, the currents /y3 and /,, have already reached 
the values corresponding to the representative point 
on the hyperbola. 

On the other hand the movement of the representa- 
tive point along the hyperbolic segment d sq d is ge- 
nerally very slow as compared with the rapidity of 
adjustment of the electrical and mechanical variables 
considered here above and therefore the assumption 
made that the asymptotic values of the variables are 
practically reached when the representative point chan- 
ges its position on an appreciable amount, is correct. 

Thus equation (17) is practically corresponding to 
the real modification of the speed » and its solution 
where is figuring an exponential with the time cons- 
tant (18) describes the phenomenon with a good ap- 
proximation. 

Remains the solution of the system of four equations 
(14) where the speed n may be considered as a constant 
equal to 7, without making an appreciable error. 

Let us modify the electrical arrangement of the stator 
windings by using an amplifier metadyne A T as fig. 26 
shows. Three variator windings are controlling the am- 
plifier metadyne, a variator winding 1 traversed by 
current /,,. a second variator windings, 2, traversed by 
the regulator current /_ , and a third variator winding, 
3, shunt connected to the secondary terminals of the 
main metadyne. The amplifier metadyne is energizing 


the stator winding, 4, of the F GM. The regulator 
dynamo, It D, is shunt excited. The addition of the 
shunt winding, 3, permits modifications of the basic 
characteristic a dc g de adequating it better to the pur- 
pose of each particular case. 

The use of said shunt winding and the shunt excitat- 
tion of the regulator dynamo could involve a system 
of.,six dynamical equations if the amplifier metadyne 
were not used. By adopting the scheme of fig. 26 and 
accepting the assumption that the interposition of the 
reactive amplifier metadyne practivally eliminates the 
action of mutual induction between the currents con- 
trolling the amplifier metadyne and the brush currents 
of the main metadyne, and finally arranging for a very 
small time constant of the circuit traversed by the low 
intensity currents controlling the amplifier metadyne, 
we may determine the dynamic behavior of the currents 


ir 


(23) 


nKyx-tL 


in the main metadyne circuits, with a good approxim- 
ation, with only two equations. 

Let us again consider the transient phenomenon that 
follows the abrupt closing of switch S at the instant 
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t =o. We have: 
d i d 
RrtL, lia 0 PIRELLI 
di di 


= nKiIy() + nKIp() +nKg 


d 
dt 


d d 
n Kit) Ha (È) -(# + Lg Sh (i) = 
(21) dt dt 


== Kid: 


(20) 


In the above system of two differential equations 
are figuring three unknowns /x, Iyg and I,. This 
apparent abnormality is due to the application of the 
method of the « practical duration ); complying with said 
method we replace the variable th, (t) by the constant 
I, (t = 0) and the unknowns are again reduced to two. 

In fact we have assumed that the practical duration 
of the vanishing transient component of all the control 
currents of the amplifier metadyne is much smaller 
than the practical duration of the vanishing transient 
component of the inain metadyne brush currents. 

Note that we may apply the principle of superposition 
of the solutions because equations (20) and (21) are 
linear; we may then decompose each current into the 
value it had for #< 0, which is known and the addi- 
tional value of the transient heavisidean current that 
appears after £ = 0; let us indicate it by same symbol 
with an accent. The Laplace transforms of the equations 
relative to said heavisidean currents are: 


CO AOEEIO 


p A (Mn — n) 
= M\Kiae — + 


T 


(22) I 


€ 
+  Kac 


C SRCNDOLIOE | 


Re 
ARL ii 


= V, (2 


In the first of these equation the current /,, does not 
appear because it remains constant, at the same value 
it had for t< 0; on the other hand remembering that 
the practical time duration of the vanishing transient of 
current I. is much smaller than the one corresponding 
to the currents /,, and Ig, we readily find that in 
order to comply with the method based on the «prac- 
tical duration», the Laplace transform of the term 

. sp AR 
5 (£) is % Kao ra 

In fact in order to simulate an important disturbance, 
we will assume that the speed » is lower than 7, and the 
regulator current /, is taking at #t = 0 its asymptotic 
value corresponding to equation (13), and remains, the- 
reafter, constant. 

The determinant of the coefficients of the unknowns, 
equated to zero gives: 


E neo € Hr: | 
nKes—-nKae + Tt|LTn Ka | 
Re Ite | 


nKO,I 


— (to aL.) 


The roots are readily determined and easily coinment- 
ed. Let us assume, for an example, that 
si hr 
WAS, = @ 
Re 


(24) L 
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then there is: 
Lev zan 


2a 


01-02 


SAMI 


R, 
Re 


b= Ly Ro +L Ra :( nK RK, 
R, 
Regia 
The action of the shunt winding 3 on the stability 

of the system is easily recognized. 

he 

= 
Re 


Equation: 
determines the border of the stability domain; if the 
first member of the last equation is positive we are 
within the stability domain and out of it if said member 
is negative. 


Gi ANIA (» Ko — N Kî, 


RrRo +nK, (» Ko—-n K5; 


3.) D Generator metadyne. 


It has four equidistant brushes per cycle, a, b, c, 
d, as fig. 27 shows, and through each pair of correspond- 
ing terminals, A, C and B, D it energizes two external 
circuits independently from one another. The external 
circuit, shown in fig. 27, connected to terminals A, C, 
is characterized by resistance /t,, self inductance L, 
and a source of electromotive force V,; the circuit 
connected to terminals B, D, is characterized by £,, 
Jo Fee 
The stator windings comprise any kind of series 
windings symbolically indicated by the dots opposite 
each brush, two shunt windings having their magnetic 
axis coinciding with the primary commutating axis, one 
connected to the primary terminals and traversed by 
current /, , the other connected to the secondary ter- 
minals and traversed by current /_; further two shunt 
Aeg : 2 IE, ART, : 
windings having their magnetic axis coinciding with 
the secondary commutating axis, one connected to the 
primary terminals and traversed by current /y and the 
other connected to the secondary terminals and tra- 


versed by current /g; finally two variator windings, 
one primary, traversed by /, and a secondary, tra- 
versed by /;. 

The mechanical shaft is assumed to rotate at constant 
speed, n, and to be able to develop any required torque, 
positive or negative. 

The corresponding dynamic equations are six and 
lead obviously to laborious calculations. 

Fig. 27 shows two reactive amplifier metadynes AMI 
and A M 2 energizing a Wheatstone bridge stator wind- 
ing through its four terminals a, B, y, and é and creat- 
ing ampere turns having their magnetic axis coincid- 
ing with the primary and the secondary commutating 
axis correspondingly. The first amplifier metadyne is 


controlled by the three currents /,,/, and In , the second 
by the three currents /g , /y, Ig, complying thus with 
the arrangement here above described. As the power 
necessary for energizing each of these control windings 
is very small, we may admit that the resistance inserted 
in their circuits is so large with respect to their self 
and mutual induction, as to justify the assumption that 
their self and mutual induction can be neglected, or 
more exactly that their time constant, if their cirduits 
is considered separately, is very small as compared to 
that of the metadyne armature circuits. 

Under these conditions and taking advantage of the 
approximate results of section 7 of Chapter I, the dy- 
namic behavior of the brush currents, Ig, and /xg is 
described with a fair approximation by following system 
of two Laplace transformed equations: 


I 
(Rr 4 Lp) Lao (t) + (Ko + TL)Ia(t)=n Ko Iy(t)+n Kî, 
(25) 3 
I 
"I Va (1) + (R, + La) Ia (t)] +» KI, — È Vi p(Ro Pelo | 
Ra 
7 ò EMI 
3a (Kr LI ri _-(Ro Pe Li) ha > Kala Esa V.(t) —(R,° + tL.)Iac(t)|+ 
2 Ri 


8 I 
+ % Kia 


|". [t) aa (R, + T Ly) Tra ci 


Let us shift at the first member the terms where the two unknown currents, Ia, and /,a are figuring the 


determinant of their coefficients equated to zero gives: 


| E I, € da, 
Ran Ka + t E, — Kg, 
Re Re 
(27) 
de R. (e r 
DI + n Kia snai A L— n Kia 
864 
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Let us put: 
78 Bo IE 
a Ran Ke SO MEMO 
e Re 
IE O I, SEE di : 
R 
(28) n n 
È cite smnta 
e=nKn+%Kia pe IL n Kia 
Ry Ry 
0 Pa ti 
= (e Kia -;h= (1 n i È 
RO R6 


the characteristic equation may be written as follows: 


(20) t:(bh—df)+ r(ah+bgT—cf+de)+ 


a Vene = ©. 


We may set arbitrarily the resistances ICRICRRI GE Re à 
fg and hence give values to the three coefficients of 
equation (20) and thus obtain any desired value for 
its roots, in other words any desired value of the two 
time constants. 

If dbh—df=o in the solution will figure a single 
exponential with following time constant: 


ah+bg—-cf+de 


ce—-ag 


If further, the coefficient ah +bg—cf+de is 
caused to tend to zero through positive values while 
ce—ag remains positive and larger than a positive 
quantity, the time constant tends to zero, and the 
systems tend to behave dynamically as a network cons- 
tructed with resistors having negligible inductances. 

In particular we may cause the coefficients d, d, f, 
h to vanish and thus virtually devoid the main metadyne 
of any self and mutual induction. 

The static equations are: 


oe Le 

99 CE È DUI 
A L'aet.61Lyg = 1% Ka ly + ®Kac + % Kac —— 
E ‘n 
SS Le Vi _0 Va 

lat &Ira= n Kra $i -n Kia — Kra 
Ri Ro 


permitting a great number of combinations. 

We will here consider an example; let us add to am- 
plifier A M 1 another secondary variator traversed by 
current /g and add to amplifier A M 2 another secon- 
dary variator traversed by current /,, and let us indi- 


cate the corresponding coefficients by xi and 1400 


Let us further restrict the case to external passive 
circuits. The corresponding static equations are: 


SR II, A 13) 


:d 
GRISO + eva = n (K}; 1, pl Kra 13) 


and the solution is: 


I 

.d 

Toe = — [(K% g— Kta e) Iy+(Kî-g — Kia 0) 13] 
D 


(29’) 
I 
AEREA SOR 
D 


where D= ag—ec. ; 
We may determine the new variator winding in such 
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a way as to satisfy following equations: 


DEI ="0 


(30) 


GINEZDO KR}, =0 


without renouncing to the obtained results regarding 
the dynamic behavior, results which bind the coeffi- 
cients a, d, c, d, e, f, g, h, because the newly introduced 


coefficients KS. and kh do not figure in the determinant 


(27) and may be freely utilized for satisfying equations 
(30). Under these conditions the primary current will 
depend only on I, and the secondary current only on 
Ig, in other words we may control the current travers- 
ing the two external circuits independently from one 
another. 


4.) Alpha motor metadyne. 


In this chapter we are considering the dynamic be- 
havior of single metadyne units independently, as much 
as possible, from the dynamic properties of other ma- 
chines connected with said unit. 

We consider the metadyne brush currents as main 
unknowns and having separated the terms of the equat- 
ions which are expressed through the unknowns from 
the other terms, we have investigated the determinant 
of the coefficients of the unknowns. By using the symbols 
Rz, and R, we took into account the action of possible 
stabilizing or stimulating windings belonging to external 
circuits with respect to the metadyne unit, but if we 
want to consider the stability of the units, in itself, 
we must restrict the nature of the external circuits so 
as to eliminate as much as possible any stabilizing or 
stimulating action due to external apparatus. Such an 
appropriated apparatus is, for instance, a low resistance, 
full compensated, dynamo, or a low resistance battery, 
All cases of metadyne generators examined in the pre- 
vious chapters may be readily restricted as here above 
indicated. 

Considering now metadyne motors we are lead to 
assume a well determined source supplying the power 
to the motor. The most simple sources are characte- 
rized by a constant voltage or a constant current. As a 
constant voltage source, a fully compensated, low resi- 
stance dynamo separately excited, capable of an out- 
put very large with respect the nominal power of the 
motor, a large battery, and even a large alternator 
would be appropriated. 

But a source of an unidirectional or of an alternating 
current of constant intensity, implies the existance of 
stabilizing actions keeping constant this intensity and 
this assumption excludes or at least hampers the pos- 
sibility of investigating the stability of the considered 
unit in itself. 

We may overcome the difficulty by remembering 
that a motor may generally operate as a generator 
and inversely a generator may also absorb power; thus 
we may investigate the dynamic behavior of a motor 
metadyne inserted in a series distribution system, by 
causing it to supply power to the external circuit and 
by eliminating as completely as we can any stabilizing 
or stimulating action of the external circuit. 

An Alpha motor metadyne is a unit particularly- 
contrived for being inserted into a loop of a series distr 
ibution and we will assume that the external part of 
the loop consists of a source having no stabilizing nor 
stimulating action, inducing an e.m.f. V, and having a 
negligible resistance and self inductance, as fig. 28 
schematically shows. 

The Alpha motor metadyne is described in Metadyne 
Statics as endowed with a family of very useful torque- 
speed characteristics; it comprises essentially two stator 
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windings, a secondary hypercompensator, 2, and a se- The critical equation is: 
condary variator winding 1. Into the secondary circuit 

a rheostat, 3, is inserted controlling the no load speed, (33) 
no, of the motor, a critical point separating the speed 
range into two segments, one segment comprising the 


R, R+w#K(K—-KÈ)=0 


and it defines the critical values of the parameters R,, 
n, K B separating the domain of stability from the 
domain of instability. 

R, is variable and it is of the same order as È, when 
the no load speed, n, is required to be very low. Then 
the product , /t, is very small as compared with n? K?; 
thus the domain of instability is entered even for a 
very small modulus of the reactivity resistance , which 
is imaginary: 


Pi Lui DEFOE SRI 


Fig. 28. When the no load speed, n,, increases, /, increases 
proportional to x, but the negative term of the critical 
equation is proportional to the square of the speed 

zero speed, corresponding to a torque developed in one and we may conclude that the Alpha motor metadyne 
direction and another segment with the torque in the with the schema corresponding to fig. 28, is, generally, 
opposite direction. The variator winding 1 controls the an unstable unit with a rather strong stimulating action. 


direction and the magnitude of the starting torque and We are naturally led to substitute a primary stabiliz- 
the rheostat 3 controls the value of the no load speed, ing, winding 4, to the secondary variator winding, as 
. Fig. 29 shows a typical torque-speed characteristic the schema of fig. 30 shows. The control of the value 
of an Alpha motor. of the starting torque is then obtained by chosing the 


number of turns of the primary stabilizer as schema- 
tically shown by 10; an inverter 9 inverts the direction 
of the torque. 

Under these conditions the global resistance PR, , 
sum of ohmic resistance f, of the primary circuit and 
the kinetic resistance , corresponding to stabilizer, 


Fig. 29. 


Let us assume that voltage V, and current /,,, trav- 
ersing winding 1, are heavisidean quantities reaching 
for #=o the value /,, and remaining constant after 


wards. The Laplace transformed equations are: 4, substitutes , in the critical equation (33), reducing 


energically the global stimulating action of the motor 


(ep, iL) Ig È $ 
Vigo) Tag (7) + and, possibly rendering the operation stable at any 


€ -B ci speed; in fact the product _ È, is almost proportional 
+ [#(K Ko) + 1 L]Ta (7) = to n? as the square of the reactivity resistance. 
TO ; Fig. 31 shows the schema of another variant: a pri- 
a | pro Her È mary amplifier 5 with a variable number of turns is 
ac x i 
T 


(METIN) RI CENNI, (a) 


The determinant of the coefficients of the unknowns 
equated to zero gives following characteristic equations: 
atnt+br+c=o 

where a=L,L,—L? 


PIEZZIZ ATA IAA Ge DOCENTI 
(32) 


c= R,R+#K(K—KB,) 


i B added permitting the control of a wider range of pos- 
Le coefficienti K,, refers to the hypercompensator 2 sible values for the no load speed, x»,. The aiuta of 

and it is essentially positive and larger than XK; in the primary amplifier, 5, increases the modulus of the 

Imaginary reactivity resistance R,. 

; The variants of fig. 30 and 31 have the inconvenience 

In case there is: LR, + LR, +nLK IZZO: of requiring the somehow cumbersome switchgear 10 


other words we have: K, = K — KÉ. ZO 
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TI and 12 which handle the primary current. The prim- 
ary amplifier 5 may be replaced by a primary variator 
winding, but then an external source is again needed. 


5.) Delta motor metadyne. 


It comprises essentially four equidistant brushes per 
cycles, a primary pair of diametrically opposite brushes 
and a secondary pair; the primary pair is connected to 
the external source through a primary compensator, 6, 
as the schema of fig. 32 shows; the secondary pair is 
connected to a resistor 3 through a secondary hvper 
compensator, 2; it comprises a secondary variator 
winding, I, traversed by current (0 , and a possible 
primary variator winding, 7, traversed by current Ig. 


-—T eni — è —— 
Is 


Ii 


Big.082. 


Assuming that the voltage V, of the source and the 
current /,, and /; of the variator windings are heavis- 
idean for gt = 0, and remain constant for £> o, the 
Laplace transformed equations are: 


I RL 


I 
20 5 
E ES 
T 


(34) 
[re (K— Kia) —t L]Iac(t) —[R; +7 L] Isa (1) = 
Ed 
= KO; ig == 
T 


Coefficients KÉ. and KÉ, refer to windings 2 and 6 


respectively, and the characteristic equation of the de- 
terminant of the coefficients of the unknows equated 
to zero is: 


at+brtt+tc=o 
where 
Ge AE, es IE? 
(35) O ATO Bg LEE AI IMA DI 
eo a ee 


In case following condition depending on the speed, 
n, is satisfied: 


(36) DORIANA o 
then the critical equation separating the domain of 
stability from the domain of instability, is as follows: 
a RR) Ko. 

In equation (37) we may consider as parameters 
following quantities: R, which becomes larger the 
larger must be the no load speed, 7; the speed x; the 


two coefficients KY, and K,,, where K,, > K. 
If the primary compensator is compensating 100 % of 
the armature reaction, then the first member of equat- 
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ion (37) reduces to: 
Ito dî: O 


and we are in the domain of stability, whatever may 
be the degree of compensation of the secondary compens 
ator 2. 

In this case the critical equation becomes the one that 
separates the positive values of d from the negative 
ones, i.e. following: 

(38) o MS 
In fact then there is K = nea 

As the resistance R, is large, both equations (37) 
and (38) leave a fair margin of stable operation for- 
values of the speed lower than the ones that satisfy 
the two critical equations, (37) and (38). The possible 
addition of stabilizers increases said margin within the 
stability domain, and we may conclude that a skillful 
calculation will allow a reduction of the compensating 
degree of the primary stabilizer large enough for creat- 
ing a primary magnetic flux sufficient to induce between 
the secondary brushes the e.m.f. needed for develop- 
ing, at the desired no load speed 7, the ampere-turns 
necessary to practically compensate the ampere-turns 
of the secondary winding, 1. In this case winding 7 is 
no more necessary but it remains always useful for 
better controlling the value of the no load speed xy. 

Fig. 33 shows the schema of a variant arrangement. 
of the Delta motor metadyne. The main machine is 
shown provided with a primary compensator, 6, whose 
degree of compensation is lower, generally, or equal, 
in the extreme case, to 100% and with a Wheatstone 
bridge type'of stator winding 14, 14, energized through 
its primary terminals x and y, by amplifier metadyne 
A 1 and through its secondary terminals, } and è, through 
amplifier metadyne A 2. The latter creates ampereturns 
for a flux having their magnetic axis winding with the 
secondary commutating axis and the former amplifier 


metadyne creates ampere-turns for a primary flux. Am- 
plifier metadyne A 1 is shown controlled by current Ig , 
traversing winding 7 and by current /yg, traversing 
winding 8 and set by rheostat 13; amplifier metadyne 
A 2 is shown controlled by current /,, traversing wind- 
ing I. 

Under the usual assumption that control windings 1, 
7, 8 require such a little power that we may neglect 
their self and mutual induction because of the large 
resistance included in their circuits, and further that the 
amplifier metadynes are very reactive, we may write 
the Laplace transformed dynamic equations as in (34) 
and comment them in a similar way with the advantage 
that the resistance , is now much larger than for the 
case of fig. 31. We may thus reduce the degree of comp- 
ensation of the primary compensator. If this degree 
may be lowered to 0, winding 6 may be dispensed with 
and the main metadyne is then reduced to an Alpha 
motor; if the degree of compensation of winding 6 Is 
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low enough, the control through current /5 is not in- 
dispensable and then the amplifier A 2 may be eliminated. 

If the primary compensator 6 is deemed necessary 
or useful we may incorporate it into the Wheatstone 
bridge type winding 14 by adding a third control va- 
riator winding to amplifier A 1, traversed by the primary 
current or by a current proportional to it. 

The static torque-speed characteristics of the Alpha 
and the Delta motor metadynes inserted in a loop of a 
series distribution system, are very similar. 

We found that the Alpha motor is generally unstable 
and that the Delta motor or the Alpha motor provided 
with auxiliary amplifier reactive metadyne are, fre- 
quently, stable. 

But motors in a series distribution loop are energized 
usually by metadynes which can impress stability even 
to machines in itself unstable, and then we may allow 
a limited stimulation action to the motors without 
impairing the overall operation and the here above 
found unstable, in itself, motors, may be adopted for 
a satisfactory operation. 


6.) Theta and Gamma motors. 


The order of these motors is also 72 = 4 the brushes 
being equidistant; the primary pair of brushes is con- 
nected to a source and the two secondary brushes are 
essentially short-circuited. The essential stator wind- 
ings are a primary variator winding and a secondary 
one; the latter may be replaced by a primary stabilizer. 

The Gamma motor differs from the Theta motor by 
the presence of a primary compensator not existing 
in the Theta motor. 

Comparing the Alpha and Delta motors to the Gamma 
and Theta motors, we may say that the former are 
characterized by a secondary hypercompensator, the 
resistance of the secondary circuit of the first pair of 
motors being generally large with respect to the arma- 
ture resistance while in the Theta and Gamma motors 
the hypercompensator does not exist and the resistance 
of the secondary circuit is often practically equal to 
the armature resistance. 

On the other hand the Delta and the Gamma motors 
have a primary compensator which does not exist in 
the Alpha and the Theta motors; the latter two motors 
may have, on the contrary a primary amplifier. 

We will consider in this section simultaneously both 
Theta and Gamma motors taking into account the 
here above stated difference of their stator winding 
arrangement. 

Fig. 34 and 35 show the simplified schema of a Theta 
and a Gamma motor respectively ; the secondary brushes 
b, d, are shortcircuited, there is a primary variator 


SALA, 


winding, 2, traversed by the control current Is and a 
secondary variator winding, 1, traversed by the control 
current /,,. The Gamma motor is further provided with 
a primary compensator 3, missing on the Theta motor. 

The primary brushes a, c, of the motors may be 
connected to a shunt or a series distribution system; 
but for the particular purpose of investigating the dy- 
namic behavior of the motors, we will assume that 
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the source of power energizing the distribution systems 
is simply characterized by the creation of a voltage 
V, in the positive direction of the primary circuit. 

Let us assume that the control currents Ly and Ig 
and the voltage V, are heavisidean beginning at gt = 0 
and remain constant thereafter, then the Laplace 
transformed equations are: 


(R, Fe L))I,.{t) +aKI (1) = 
I 
MAE 1) pene 
T 
RK Rita 


where the coefficient K%, refers to compensator 3 and 
is essentially positive. 


The equation of the determinant of the coefficients 
of the unknowns /yx, and I, equated to zero is: 


atrt+br+c=o 


where 


DS 
| 


DI 
(40) bre ER; 4 Ly 


= kh, R,4#(K—- K%,) € 


O 


Thus as long as the first member of the critical equat- 
ion: 


RR, +#(KT—K%;)K=o 


is positive, we are into the stability domain. Yet the 
compensator is generally an hypocompensator and we 
may conclude that Theta and Gamma motors have a 
stabilizing action and particularly the Theta motor has 
a strong one. 

In order to avoid the controlling currents, I,,, we 
may replace winding 1 by a primary stabilizing winding 
4 completed with an inverter 10 and a switchgear II 
permitting to modify the number of its turns, as fig. 36 


Fig. 36. 


and 37 show. Similarly, in case of a Gamma motor we 
may replace the variator winding, 2, by a primary 
compensator, 3, with a variable number of turns to 
be set by switchgear 12. 

To the inconvenience of having a rather heavy switch- 
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gear must be added the stimulating action that winding 
4 will develop when the motor is braking. 


Fig. 38 shows the complete schema of a variant of 
a Gamma motor metadyne. 

Two stator windings are shown, a secondary stabil- 
izing winding, 5 and a Wheatstone type winding 9,9,9,9, 
energized at its two primary terminals, « and y, by 
an amplifier metadyne A 1, and at its two secondary 
terminals, f$ and è, by an amplifier metadyne A 2. On 
the shaft of the Gamma motor a shunt excited regu- 
lator dynamo È D is coupled, the critical speed of which 
is set by rheostat 10; it supplies current /, . 

Amplifier A 1 is controlled by three secondary va- 
riators, 2, 3 and 7 traversed by currents Ig, /, and Zac 
respectively; amplifier A 2 is controlled by variators I 
and 8 traversed by currents /,, and I 

Assuming, as usually, that the currents traversing the 
secondary variator windings of the amplifiers have an 


IO ALLA 


intensity independent from the derivatives with respect 
time of the currents traversing the other variator wind- 
ings. and the armature of the amplifiers, and further 
assuming that the amplifiers are very reactive, we ob- 
tain following Laplace transformed equations describ- 
ing the dynamic behavior of the system, all control 
currents and voltage V, being heavysidean: 
MESE RIE A) 2 eb 
y p j 

SANARE ATA a 
(41) T 
(Ro + tLs)Ira (t) = 


a est Ro) 


>P 
= — [n sie Is4+ Kia 


A AS 
T 


The corresponding determinant of coefficients of the 
unknows equated to zero gives following characteristic 
equation: 


at ba + c= 0 


where 

© = ge DE? 
(42) b= L, Ro + LR, +Ln(Kx_ K) 
Ro, Ro + VECI © 


I 


I 
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As K, < K for the Gamma motor and disci JK alex 
the Theta motor, and as L is negative here, as the 
reader will readily recognize, the critical equation bec- 
omes following one: 


(43) R,Rr+%KKxz=o 
and hence we are always within the domain of stability. 

The static equations are followings: 
Vill A Al I 


+n K°, DFRKEI 


- O) È é 
(44) »K, Ta — R,Iva = — Kra Ig — n Kfa ID 


Ip = k(n— n) with the limitation Ib = 


Thus for all values of the speed, x, lower than 7 ; 
Weshavela—10% 

Thus when n < # and the sources is a constant 
voltage source we obtain following solution: 


Ro (V, + n.K%, Ly) —wWKKh,Is 
OE i 
(45) KR, Ro + n? K Kn 
RK, I8 + nKn(V,+nK,1y) 
Ira = — 


It, Ro + n° K Ka 


The characteristic representing 7, is shown in fig. 39. 
The segment £ a dc is cubic having an asymptote pa- 
rallel to the axis of the speed, 7, whose ordinate is: 

Ki, K, EAST, 
(46) 


Ro 


and having a cusp at È, on the axis of current Ig, 
whose ordinate is 


(47) UE, 


In formula (46) the coefficients KÉ, and no correspond 
to windings 5 and 3 respectively. 


Fig. 39. 


When n> # and the source is a constant voltage 
source, we obtain following solution: 


- SI 
Ro (V,+# K%,1y) — n K[KÈ, Is+Kta kn— m)] 


lac = i 
R, Ro + n° K Kx 
(48) 5 CE SI Jp 
R,% Kpa18+ Kn[V,+ Kacly+n Kac kh (n—no)] 
la= 


R, Ro + n° K Kr 
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The characteristic representing I, is again a cubic 
which around the no load speed, 7, is very near to a 
straight line almost vertical, as the segment cde of 
fig. 39 shows. i 

By setting /,, and Ig we may shift the cubic repre- 
sented by the first equation (45) so as to have its almost 
horizontal segment de, at any desired distance from 
the axis of the speed. In other words along this segment, 
bc, the Gamma motor will operate at almost constant 
intensity of the primary current with any desired po- 
sitive value, accelerating and absorbing power from the 
line, or with any desired negative value, braking and 
recuperating electric power to the line. 

For a speed n < », corresponding to a point near 
point dè, the intensity of the primary current must be 
reduced to the desired value by means of a starting 
rheostat. 

When the distribution, in which the Gamma motor 
is inserted, is a series one energized by a source supply- 
ing a current of constant intensity, the variables of 
sistem (48) are Ina, Vx and Ip and for 7 < , the so- 
lution is: 


[n Kalac + #n.KÈ, Is] 


Isa = 
(ed 


EEE gina RA NET 


n K $ 
—[n Krlac + % Kra Id] 


(49) 


se 
Ro 


and the torque is given by: 


I cli y 
T= Tac Va = — Kac IyITac + 
zan 29 
(50) cette Cenone 
+ n [ESTE ERI, 


2 Ka 


This formula gives the torque on the shaft of the 
motor when we neglect the Joule effect losses in the 
primary and in the secondary circuit. 

By chosing a constant value for /,, and by setting 
Is proportional to Za we may reduce formula (50) to 
following form 


(51) UFAC 25: 

where A and B may take any positive or negative 
value. In other words for? n < 7», the Gamma motor 
may start, accelerate or brake with any desired torque 
being a linear function of the speed n and, in particular, 
being constant. The diagram of fig. 40 shows an acce- 


Fig. 40. 


lerating torque slightly decreasing with the speed x», 
along all the segment a d c, or a braking torque slightly 
increasing with the speed along the segment a &. 
For a constant current series. distribution and for 
n > W , the torque, when the losses due to Joule effect 
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are neglected, is given by following formula: 


anni 
DE La [at I 4 Ki kn=m)+ 
29 
(52) Bier, 2) p 
+ n -— (KnIoac + Kra 1è + Kva R (n — No) 
Kia 


and around the critical speed it creates a sharp bent 
as shown in fig. 40 with a segmental characteristic 
cde very near to a straight line almost horizontal. 

The characteristics of fig. 39 and 40, adapted for accel- 
erating and for braking and obtained with the motor 
operating well within the stability domain, are remar- 
kable for their practical utility. 


7.) Metadyne transformers; the «Cross Transformer ». 


Metadyne transformers are, generally, more ela- 
borate than metadyne generators and motors but the 
investigation of their dynamic behavior is readily ac- 
complished by referring to the investigation already 
carried out for the generators. 

We will chose three examples: a « Cross » transformer, 
a « Caduceus » transformer and a « Saturn » transformer. 

Fig. 41 shows the schema of a « Cross» transformer 
metadyne having four equidistant brushes per cycle, a, 
b, c, d, the primary pair of brushes a, c, being conn- 
ected to an external circuit the primary external circuit 
represented by a resistor, f,, a self induction, L,, 
and a source of a kinetic electromotive force, V,, and 
the secondary pair of brushes, è, 4, being connected to 
the secondary external circuit characterized by a R,, 
LIRA 


On the shaft of the transformer a regulator dynamo, 
R D, is coupled, supplying current /,. The transformer 
is shown comprising any series stator winding symbol- 
ically represented by the two blocks at the brushes 
location, and eight other stator windings: primary and 
secondary variator windings 1 and 2 traversed by Is 
and I, respectively; primary and secondary regulator 
windings, 7 and 8 traversed by the regulator current 7; 
a primary and a secondary shunt winding 3 and 6 
connected across the primary brushes and a primary an 
a secondary shunt windings, 5 and 4, connected across 
the secondary brushes. 

We will assume that stator windings 1, 2, 3, 4, 5, 
6, 7 and 8 are fused in a single, Wheatstone bridge 
type winding energized by two amplifier metadynes 
connected and controlled in the well known manner, 
so as to reproduce same stator ampere turns as the 
above mentioned windings; we will assume further that 
the resistance of the controlling circuits of the amplifier 
metadynes is very large and that said amplifiers are 
very reactive. Under these conditions the Laplace 
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transform of the dynamic equations may be reduced 
to the following ones: 


EEA. AE CISA DEA 
y p È 
= Ka Iy+t n KacIp+t Val —- + 
T 


+ n Kîo Te (1) + n KE I (0) 


(53) 
CORTO CENE REI) 
$ p ; 
= —[# Kala + Ka lo + Val — 
TE 


— 10 Kia Te (©) — n Ka Ig (1) 


where we have assumed, as usually, that currents ID, 
and /z and voltages V, and V, are heavisidean; where 
currents /y and /5z are traversing the shunt windings 
connected across the primary and the secondary brushes, 
respectively, satisfying following Laplace transformed 
equations: 


I: 
Re 1g (t) che (Fe, sl iL) Mar (= Ir FIST 


Thus the unknowns are reduced to two, [a, (T) and 
Ixa(T) and the determinant of their coefficients equated 
to zero yields following characteristic equation: 


VA + «Bi As + 7 B, 
(55) sa 
Al 3 E A, + © Ba | 
where 
E R, 
A1= Ra +4 Kac ; 
Re 
O) 
Ar= W Kg PKR 
fg 
(56) 


E R, 
Ag=%Kxr- Ka ; 
R 


€ 
R, 
DAN a Ro — n Kra ===} 
(4 
The characteristic equation may take following form: 
rg era = 


whose roots are: 


zio 
Ora ì n 
za 
where 
a= 55 B, — B, Î8%, 
(57) lo) = ZAR B, + bln Veri (A 18 a As B.) 


c= AAy- Az Az 
The critical equation is: 


(58) AxBa + AB — (A, Ba + Ag Ba) = 0 
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and in case the first member of (54) is positive, the 
critical equation becomes 


(59) (ALA, ASA" 


We may consider the constants: 
TT ta I I I 
3 se L 
K ace Kisa K bd 


Re Ri Re Ri 


(60) KE: 


as four parameters to which we may give any desired 
value, positive or negative. 

In order to remain well within the stability domain 
we need to render positive the first member of equat- 
ions (58) and (59), and this constitutes two vincula 
to be respected by our four parameters, much less 
limiting that the satisfaction of two equations, and 
leaves wide latitude for disposing of said parameters 
for modulating the static characteristics. 

We may also accept a limitation of the freedom to 
chose the four parameters (60) for satisfying equation 
(6I): 


(61) Br Be pento 


and then the only root of the characteristic equation is: 
A, Ag AA 
(02) o= di 
Ai Bi GF Ai Lis (Ag B; + Az Bs) 


Rendering this root negative constitutes only a furher 
vinculum on our parameters and much freedom is still 
left for shaping the static characteristics. In this case 
the whole system behaves, dynamically, as a single 
circuit provided with resistance and self induction or 
with resistance and elastance. 

We may chose to satisfy following equation: 


(63) 


A, By + Ax Bi (A, Ba + Ag B.) = 0 


€ de, 
= dh Sh PR gr 3 


€ 


o 
(= IL Sp WIE 
Rx 
(3) La 
Bi = —L—-n Ka EZIO 
E 
a La 
B,= —Ls—-n Ka s 
It 


in which case the roots of the characteristic equations 


are: 
A, Ag A, A 
&e se G 
ua” na 
and if the quantity under the radical is caused to be 
negative we will have a permanent, sinusoidal current, 
operation with a pulsation equal to the modulus of 


quantity (64). 
If following relations are satisfied: 


(64) 


(65) A, Bi + 43 B, 


BEBTSLENE: 
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we shall have again a stable operation and the metadyne 
will dynamically behave like a simple circuit having 
resistance and a single energy reserve. 

Finally we may determine the four parameters (60) 
by following system of equations: 


(66) BORBONE A 

and then the metadyne will dynamically behave as a 
network constitute by mere resistors without self-induct- 
ance nor capacity. 

Having considered the many ways for obtaining a 
stable operation, let us now take up briefly the nature 
of the static characteristics. 

The static equations are: 


RARA 


n Kn Vai e Ro ha ann (er 13 ili Kba 7) sé V, 


Pei IG RR 


where P 7 is the sum of the very small losses due to the 
control currents and to the iron and mechanical losses. 
The system (67) being of the second degree, with respect 
brush currents and external voltages, we shall obtain, 
for constant values of parameters /, and /g, conic 
characteristics between brush currents and external vol- 
tages, which may degenerate into linear characteristics 
between an external voltage and the corresponding brush 
current and a conic characteristic between the other 
external voltage and its corresponding current; this, 
finally, may further degenerate into linear character- 
istics between said variables. 

It is important to note that we dispose of two more 


parameters, Ki and Ki; for shaping the static 


characteristics; these two parameters do not figure in 
the characteristic equation and, hence, neither in the 
critical equations. 

The discussion of the most usual of these cases is 
developed in metadyne statics. 

The dynamic equations in case currents Ly, Ts, 5, 
and voltages V, and V, are sinusoidal of the same 
pulsation, have same terms functions of the two brush 
currents and lead to same characteristic and same 
critical equations. 


Ry L 
y 
v Sy 


Fig. 42. 


But if the external circuit comprise capacitors as 
the partial schema of fig. 42 shows, then the characte- 
ristic equation becomes of the form: 


at +ba+ct+d=o 


too laborious to be commented in its general form; 
numerical solutions for each special case mav then be 
carried out. 


872 


In « Metadyne Periodic» the static characteristic of 
many similar cases is considered and we may say that, 
frequently, the operation is stable whenever the static 
characteristic shows well defined currents for from sin- 
gular points for which the amplitude of the currents 
tend towards infinite. 


8.) The Caduceus transformer. 


A variant scheme is represented by fig. 43. 

The metadyne order is still 11 = 4, i.e. there are 
four brushes per cycle and they are equidistant from 
one another but the armature bears two armature 
windings, primary and secondary, isolated from one 


Lg ti t Rylsa+Vy 
n REC si n A ZI ne 
Re Rx 
VEGA +} x eg Tra px I x 
—n Ki, rgrrerszonta 


another and associated with separate commutators. The 
primary brushes, a, c, bear on the primary commutator 
associated with the primary winding; the secondary 
brushes bd, d, collect the current traversing the secondary 
winding. 

The dots A, B, C, D, opposite the brushes symbolize 
the possible existance of any kind of series winding. 

Terminals C and D are connected together and to 
terminal 7, of one of the external circuits character- 


ized by resistance È, , inductance L, and electromotive 
force V,,; the other terminal, 7, of same external circuit 
is connected to brush B, and it forms also one terminal 
of other external circuit characterized by R, RES 
and V,; finally terminal A is the other terminal of the 
last indicated external circuit. 

On the armature shaft is coupled a regulator dynamo 
IRUD. 

Fig. 43 shows eight non series stator windings indi- 
cated by same numeral as in fig. 41, and having same 
connections and purpose. 

Accepting same assumptions as for the Cross transfor- 
mer metadyne of fig. 41, we may write the Laplace 
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transform of the dynamic equations as follows: 


(Ra +e Ls) Fac (1) + (Ko + 7 L)Ira(t) = —[R, + Rr+ (La + Ly)]Iao() + (V, + V)— + 


I 


T 


I I cs 
=Ritahirot+a oa Iy,--+nK5x Io -+%Kxls(t) + K, Ig (7) 


T 


7 


T 


(Kr —TL)Ix(d) (Rig + CL Ia) (R, + IATA nfidara (7)] Lap agri 20 


(68) T 
,Ò d .p È E { 
— % Kralè—- — Kyig Io —- — n Kyale(r) — n Kia Tg.(7) 
T T 
I 
Rele(t)=(VM0nt+tV) ——[R+R,+t(L.+ E] Tao (©) — (R, + © Li) Isa(t) 
t 
I 
boe ei) Prlat Let) 
T 


Where R_' and R, are here the ohmic resistances 
and the kinetic resistances 2rsîde the metadyne terminals. 
The characteristic equation is: 


att+batt+tce=o 
where 
AIA 
lo) 


Il 


ADBRRISRI ARRE: A, B;) 


AAA ANI, 


Il 


the capital letters of the last equations having follow- 
ing value: 


R,+R, 
Ar= RF PR +'IR—uK, 
Re 
R 
—n KS, È 
Ri 
VESSITSOINI IDE 
B,=L, +L,+L, —-nKi, ———- — 
Re 
IL 
— n K5, 2 
Rt 
RI 1885, 
A,=nKx+R,—nKÈ, — n Ki: 
Re Ry 
7€ Ly SG Ly 
BI = DIL, = — n Kio 
Reg Rig 
(69) e Beati 
As =%Kr + Ry-nKyg — — 
Re 
R 
Si 
Ry 
TORNARE 
Re 
dla 
+ n Kia 
Ri 
Y IR, 
A = IRA ssa R, + n Kees sia n Kra TA 
Reg Ri 
ce da ni 
Bj 333 — Ls —- lg, + Kba + Kia . 
Re Ri 
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The comments may now be developed parallel to 
the case concerning the Cross transformer with similar 
results; the latter are briefly following: 

— With the parameters we dispose of, it is always 
possible to have a dynamical operation well within the 
stability domain and yet leave a wide margin for shap- 
ing the static characteristics; 


— We may obtain a stable operation of the metadyne 
with a dynamic behavior similar to a simple electric 
circuit, provided with only one potential energy reserve, 
with fair margin for shaping the static characteristic; 

— We may have a stable operation with a sinusoidal 
current of arbitrarily determined pulsation; 

— We may have a stable operation with a dynamic 
behavior similar to a simple electric circuit character- 
ized by resistances and absence of any potential energy 
reserve, yet allowing some margin for shaping the 
static characteristics. 


Let us note that whenever one of the voltages, Vuc 
or Vzp, between the primary or the secondary terminals, 
is zero, the transformed power is also zero if the Joule 
effect inside the metadyne is neglected. Yet the metadyne 
may confer stability to the whole system even if the 
external circuits have a stimulating action. We may 
thus imagine that the metadyne is creating on one 
side a real power and on the other side a virtual power 
controlling the stability of the whole system and that 
those two powers are independent from one another. 


o.) The Saturn transformer. 


Let us finally consider a variant of the Saturn 
transformer metadyne as indicated by the scheme of 
fig. 44. The order of this metadyne is m = 6 having 
six brushes per cycle; there are two armature windings, 


Iba"1o 
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isolated from one another and two commutators. An 
armature winding and its commutator are associated 
by two diametrical opposite brushes 4, ©, connected 
to an external circuit characterized by a resistance RR, , 
inductance L, and an e.m.f. V,; we will refer at this 
armature winding, commutator, pair of brushes and 
external circuit, as «primary >. The other armature 
winding and its commutator are associated with two 
diametrical opposite brushes 6, d, connected to another 
external circuit characterized by R,, Ly, Vy; all these 
elements are referred at as «secondary »; the primary 
and secondary brushes have same commutating axis. 
Finally the third pair of diametrically opposite brushes 
e, f refereed at as « tertiary », have their commutating 
axis perpendicular to the common commutating axis 
of the primary and the secondary, may bear on any 
of the two commutators the primary or the secondary 
and they are essentially short-circuited. The ratio of 
the total conductors of the two armatures is arbitrarily 
chosen. Any series stator windings may be applied and 


inductances of the three circuits, primary, secondary 
and tertiary; n KZ, , n Ki, , n Ki, for the e.m.f. induced 
between brushes g, 4 by unit primary, secondary or 
tertiary current, respectively, when they traverse the 
armature; 

nKi,,n KÉ,, n K, for the e.m.f. induced between 


brushes g, % by unit primary, secondary or tertiary cur- 
rent respectively, when they traverse stator windings: 


Riina 0 Gre a ARIE 


È E; 5 
Ki Kp' Ki, ; 
Lettns admit eurrentstis bla, Ip and voltages V, 
and V, heavisidean at t = o and constant thereafter; 


applying second Ohm’s low to the primary, secondary 
and tertiary circuits, we have: 


(Rokr -rL)I, (Q+FaK, STIA 4 LTITALOE 


d ,3 .p 3 2A 
+[Vx + % Kralg + KraIpl — + Kvalt(1)=0 
T 


(mE eeLa)\Iy (x) +4 K°—R—tL)1I,(t)+(n.K,CtLJLH(D4 


I 
+[V, + n Kò, Is + n Kh, Ipl-+% K5, 1g (1) =0 
T 


(n KT,—«Lyg)Iy(1) + (nK,—tLy)I,(t)+(K,R—_tL)l()+ 


E p ù A 
+[K.5 Je +nKygIp) — +nKyIt(1)=o. 
T 


their possible presence is symbolically shown in the 
figure by the terminal blocs A, B, C, D, E, F, opposite 
the homonymous brushes. 

Six other stator windings are shown in the figure, 
a primary variator winding, I, traversed by /, , a tert- 
lary variator winding, 3, traversed by current Ig, two 
shunt windings, 2 and 4 traversed by current Ig, and 
two regulator windings, 5 and 6, traversed by the re- 
gulator current Ip 


Under the assumptions made, current I (t) is de- 
termined by following equation: 


I 
(71) — RrIt(a)+ V, RFC], 
T 
Substituting the value of dr (t) drawn from this equat- 
ion in the three previous ones we obtain three equations 
of following form: 


(A, + 1 B)Ip(t) +(4, + 1 B)L() +(4,+7B)I, (0) + 


(72) ARERTI i - : 
72: Reano + % Kralè + Kralpi-=0 
Ry T 
(A, + 1 B,) Ip (1) + (4, + ©B) I (e) + (4) + 7 B;)I,() + 
3 I 3 I 
(73) + [ra (c4 n KÉ, +nKal$3+"n ki | —iD 
Ry t 
(A, +1 B,)Ip (1) + (4, +tB,)I (1) + (47 + © B/)I, (1) + 
€ I I: 
(74) + | K,le+n Kî Ip +Vyn KS, È = 
Ri T 


i Assuming again that the last mentioned stator wind- 
ings are fused in only one, energized by two reactive 
amplifier metadynes whose control windings have a Very 
large resistance as compared with their inductance 
we may write the dynamic equations in a simplified 
form by using following symbols: 

Taty lyior cutrents feb iand8lt respectively ; 

Ep Leg 4 0 Logo Ligbtlygetor' the sell and mutual 
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In these three equations we may consider as unknowns 
the three currents /,, /,, /} and this will lead us to a 
characteristic equation of the third degree adequate for 
investigating the stability of the Saturn metadyne 
proper. 

If we consider instead, the Saturn transformer (fig. 
45) as inserted into a loop of a series distribution where 
the intensity of the current is kept constant by some 
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source able to impress said law, then the previous equations must be changed into following ones: 


I 


Arlg + (43 + tB3 I, (1) + (4/+ BL) + (+ 


(75) C 
Ce de dI Ii 
+ [ra IE +nKral3 +" it to ——=0 
Ry Ti 
” I UA UA n nm 
ASTI TRO) (AE tBz)I;(t) + 
(76) T 
aaa ,ò p 3 
+|V,{1+% Kc +%K.a3è+tnKaglp|—-=0 
Rg T 
m I m m m UA 
(77) ZAR, UR, UL) (t) + (43 +rB3)I,(t) + 


T 


pei P Ù 6 
+. {#WKxIe+hKygIop+ VynKey 


with three following unknowns: I; (t), Z4 (t) and V, (7). 
We note that in this case the system of the last three 
equations is split into a pair of equations (76) and (77) 
having only two unknowns: /;(t) and /I,(7) and into 
equation (75) which determines V, (7) as a function of 
(5) andra) 


Thus in this case again the characteristic equation is 
reduced to a second degree algebraic equation where 


we dispose of two arbitrary parameters: KÉ, and 


I 
oa Ri 
the ones already known and arrive at similar results. 

It is important to note that the commutation of the 
primary and the secondary currents occur into same 
slots at the same time and that under special, but in 
practice most usual conditions, the commutation may 
become very easy. 


Si 
Ri 


. We may here develop comments similar to 


10.) Some general remarhs. 


We have frequently admitted that some variator 
currents, say do, do are heavisidean and remain constant 
thereafter. In many practical applications they are 
instead variable functions of time and sometime they 
are generated by modulators giving to said functions 
rather elaborated forms. The question arises then how 
this will interfere with the dynamic equations considered 
here above. 

In many sections and particularly in the last ones, 
we have applied the « practical duration» rule splitt- 
ing the system of a great number of dynamic equations 
into three groups: one group comprising variables whose 
vanishing transient component EG a very short prac- 


tical duration of the order of , a second group 


IO 000 
" 


corresponding to an order of -— and a third corre- 
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| 
Rig T 


sponding to an order of 1”. To the first group belong 
the controlling currents of the auxiliary amplifier me- 
tadynes; to the second group belong the brush current 
of the main metadyne and to the third group belongs 
the speed x of same main metadyne. 

We were thus able to reduce the fundamental inve- 
stigation to a set of a few equations, generally two, 
with the brush currents of the main metadyne as unk- 
nowns. 

The modulated currents /,, /$ here above consi- 
dered are usually varying with the speed of mechanical 
masses of great inertia and causing modifications of 
currents /Z, and Ig of say 1% in one second. These 
currents, on the other hand, traverse circuits character- 
ized by a very short practical duration. We may the- 
refore consider the variations of said currents as be- 
longing to a fourth group corresponding to a practical 
duration of a higher order than the practical duration 
corresponding to the speed, x, of the main metadyne. 
Thus the results already obtained in the sections of this 
chapter, are not practically modified by the modulation 
of stator currents such as the one considered here above 
for/, and Is. 

The examples chosen in the sections of this chapter 
cover obviously a few cases only of metadynes, but 
they were chosen such as to allow us to show different 
ways of approaching and simplifying otherwise complex 
problems. 


CHAPTER IV. 


METADYNE AMPLIFIERS 


1.) Cronological note. 

2.) A comparative comment on « amplifiers ». 

3.) The S amplifier metadyne SA M. 

4.) Amplifier metadyne type C A M. 

5.) Amplifier transformer metadyne type Cross 7 M. 


I.) CRONOLOGICAL NOTE. 


During the first world war the author, in military 
service in the Italian Navy, was working in the « wirel- 
ses» laboratory of the Navy still under the spell of 
Marconi’s initiative. By that time it was common to 
create electromagnetic oscillations by means of suc- 
cessive interruptions and reestablishments of a primary 
circuit which at each reestablisiment would yield ra- 
pidly damped oscillations. This primary circuit was a 
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bulky one with hollow conductors of 20 cm diameter 
and a weel having a diameter of 2 meters, switching 
on and of by means of sparks. "= 

The author while improving details of the existing 
plant, thought that it would be more convenient to 
adopt the following arrangement: 

1.) to have as primary oscillating circuit a low 
power and small size circuit and then to amplify. by 
using rotational motion as factor of amplification, 
through an apparatus with a low power excitation 
circuit and a rapidly rotating, high power armature; 


2.) to create in the low power primary oscillating 
circuit permanent and easily modulated oscillations by 
means of an oscillating system comprising two or more 
rotating machines inductively interlinked with one ano- 
ther so as to create an oscillating current at a prede- 
termined pulsation. 


The suggestion was not carried out, but it has been 
recorded in an article issued later on when the war 
was over and the author in civilian duty. 

The article has been published in « L'Elettrotecnica » 
the organ of the Italian association of electrical engin- 
eers, on August 1919 pages 481 to 487. From it fig. 46, 


AN i 


Fig. 46. 


47 and 48 are here under reproduced; fig. 46 illustrates 
the power amplification principle; fig. 47 gives a rough 
idea of the rotating power amplifier and fig. 48 shows 
one of the many variant arrangements suggested for 
creating the primary, permanently oscillating, circuit. 

Time has demonstrated that both suggestions found 


wide application. Here we will consider only the princi- 
ple of the power amplification by means of rapid ro- 
tational movement. Fig. 46 shows an amplifier alter- 
nator, or an element of an amplifier dynamo. 

In 1932 the author was charged by the Italian Navy 
to calculate a plant for gun control using the metadyne 
system which had yielded satisfactory results in deck 
auxiliaries; he then returned to his old principle of 
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power amplification through rapid rotation this time 
applying it on metadynes because the latter needed 
an exciting power far smaller than dynamos. Almost 
all types of metadynes may be used, but the author 
chose as most convenient and simplest three types which 
yielded very gratifying results at the tests in 1934. 


Fig. 48. 


The author by that time was in the United States, 
in Frie, Pennsylvania, consulting to the General Elec- 
tric Co. and applied metadyne amplifiers to the control 
of Diesel electric locomotives, an application thousand 
times since then reiterated. 

In 1938 the Italian Navy had already equipped two 
battle ships with metadyne gun control and the author 
obtained permission from the Navy to communicate 
the satisfactory results to his allied companies, and he 
found authorative men to understand, appreciate and 
give wide application to metadyne amplifiers, enthu- 
siastic Mr. Fletcher, penetrating Mr. Alger and scien- 
tifically skilled Mr. Alexanderson; and later on brilliant 
Sir Robert Wattson-Watt. Since then amplifier meta- 
dynes rendered great services to the defense and to 
civilian services. Metadyne amplifiers took various com- 
mercial names; the author's name was rarely ment- 
ioned. 


2.) A COMPARATIVE COMMENT ON « AMPLIFIERS ». 


Amplifiers, are extensively used today and are de- 
veloping every day more. Some are based on electronic 
emixion in an almost a vacuum or a relatively thin 
atmosphere; other on electronic emixion through special 
solid structures of molecules preferally along a priviled- 
ged direction; some are based on the sharp change of 
the value of permability at a definite magnetic field of 
ferric magnetic alloys; other on the variable electro- 
magnetic or electrical inductivity of vibrating bodies 
and finally other on unidirectionally rotating machines. 

Al comprise a controlling means involving a relatively 
small power, and output means involving a relatively 
large power. Their operation is usually represented in 
our calculation by a «transfer function» where figure 
two factors, one expressing the power ratio of the con- 
trolling means and of output means, another determin- 
ing the deformation of the actual output characteristics 
as compared to the desired ones. Hence the name of 
« amplifiers ». 

The largest number of electronic magnetic amplifiers 
operate as a throttle to the flow of a current drawing 
power from an independent source. This justifies the 
originally given name of « values » and disqualifies the 
name of « amplifiers» which on the contrary depicts 
more adequately the operation of the unidirectionally 
rotating apparatus. 

Any unidirectionally rotating machines transforming 
mechanical power to electrical power and whose output 
is controlled by an « excitation >) may be classified as a 
possible amplifier if conveniently arranged for this 
purpose, such as an alternator and, much better, a 
dynamo; metadynes appear more adequate; in fact 
we found in « Metadyne Statics» and in the previous 
chapter that the control of the operation of a metadyne 
requires a very small power. 

Let us define the purpose of an amplifier. For the 
great majority of cases the purpose may be defined a 

S 
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follows: «a circuit, to which we will refer as pilot cir- 
cuit, is traversed by a current, î, involving generally 
a small power, $, and it is derived to obtain an output 
involving a large power, P, characterized by an output 
current, / or an output voltage V, proportional at any 
moment to the pilot current, i». 

We may refer to the ratio P/p as to « power amplifi- 
cation factor», and to a function expressing the discrep- 
ancy of the characteristic values the actual output as 
compared to the desired ones, as to a « fidelity factor » 
often used in shop parlance. We may reasonably expect 
that these factors reduce or increase simultaneously. 

The advent of metadynes leads us to a generalization 
of the purpose, because a metadyne is characterized by 
an output characterized not simply by a voltage or an 
intensity of current, but by a function correlating the 
output voltage and the output current 


FNPNT) = 


where the parameters, practically used for controlling 
this function are usually more than one. 

We may thus formulate following solvable request: 

«given a plurality of pilot circuits, traversed by 

currents %,, îg, îg, involving generally small powers 
Pa» Pg» -- - Ps; it is desired to obtain an output, cha- 
racterized by a predetermined function of f(V,1)= 0 
correlating the output voltage and current involving a 
large power P)». 

We may refer to ratios 

dP dP dP 


dpa  dpg 

and to their sum as to individual and global power 
amplification factors and to a function expressing the 
discrepancy of the characteristic values of the actual 
output as compared to the desired ones as to deform- 
ation factors. This is the reason of the name « Conformer 
metadyne » given by the author at the first amplifier 
metadynes used for the Italian Navy. 

We have here above considered a metadyne output 
comprising one voltage and one current but we found 
metadynes having an output comprising a plurality of 
voltages and currents, and hence the purpose of am- 
plification may be accordingly widened. 

Finally we have found metadynes having both in 
put and output characterized by functions correlating 
the corresponding voltages and currents; hence a further 
generalization. These more general cases are considered 
in a special section of the Metadyne Combinatory conc- 
erning computers; here only very simple cases will be 
dealt with as examples. 


» 


3.) THE S AMPLIFIER METADYNE SAM T. 


It has the general arrangement of an S generator 
metadyne but it is provided generally with a plurality 
of independent secondary windings, say three, traversed 
by pilot currents /y , Ig, /g, as fig. 49 shows schema- 
tically. In this figure outside the three pilot windings, 
I, 2, 3, two other shunt windings are indicated, 4 and 5; 
the secondary external circuit is represented by a rect- 
angle with two diagonals, 10 and the terminals A B 


£ e Ra (UL 
— | —{n1Ko+nKe— |WVa{I1 + %Kva 
È Ry Ri 


ta R, ò Ra 
Ro + n K;a — |{ZKa13 +n Ka — 


C D opposite the brushes, a, db, c, d remind, symbolic- 
ally, that there may be any series winding. The choice 
and the setting of the stator windings depends on the 
particular application considered. 

As a first example let us consider the simplest operat- 
ion whereby the secondary currents must be a linear 
homogeneous combination of the pilot currents: 


(1) Ina = Ry Ly + Ro Is + he le 


the coefficients £ being independent, as much as possible, 
the static value of the load and of its variations with 


respect time and the power amplification factors having 
a value as high as possible. 

The operation may be represented by many proceed- 
ings: 

— by the unidirectional asymptotic values in funct- 
ion of the load; 

— by the variation of some values, assumed sinus- 
oidal, with respect the frequency; 

— by the determination of the transient values foll- 
owing a predetermined perturbation; 

— by the determination of the practical duration 
of the vanishing transient components following a pre- 
mined perturbation; 

— or by still other proceedings the here above in- 
dicated being the most usual; we may refer to them 
as the static response of the amplifier, the frequency 
response, the transfer function response and the practical 
duration response of the amplifier, the three latter being 
generally referred at as « quick response ». 

Let us consider the static equations corresponding to 
the schema of fig. 49, expressed by means of the same 
symbols used in the previous chapter. 

Tae 
le Vi jo” R, Iva 
+Kae ——— = 
(2) Ly 
7 Le iti R, Isa 
dirlo eee 


Ri 


where the symbol of summation reminds that all pilot 
currents must be considered, where V, and È, are the 
voltage induced by consumer Io and its resistance and 
where /y and Ir are the current and the resistance of 
the shunt windings 4 and 5. 

The solution 1s: 


Rt / 
Ise = ni o 
TR, (1 + % Kia + n? Knx{ Ko + Kic 

(3) Li | Re 

L I 3 te Ve, 

RrV.{1+% Kia + n Kr È valse, I AM Ko 
| Ry Ry 
Iva = = 


Ter (1 + Ki, 
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The coefficient of the perturbing term, where VW, 
figures as factor in the expression Of ya » 15: 


n I 


(4) ea ( + De dn Kr Ki, 


Ry Ry 
We may reduce this quantity to zero by conveniently 
determining any of the arbitrary parameters we dispose 


of in this expression, say, by means of parameter Kyy » 
and thus render the expression of /y independent of V,. 

Fig. 50 (1) shows an experimental curve obtained at 
the laboratory of the University of Minnesota; the 
intensity of /yg remains constant with an approximat- 
ion of -+0.25% while the external voltage Exp varies 
from zero to the value corresponding to the nominal 
power of the machine. In this cases as external voltage 
was taken the sum V, + Rava 

The coefficients of proportionality between /,3 and 
any pilot current, depends on the iron saturation of 
the magnetic circuit, local saturation of the corners 
of the main polar segments, may be eliminated or at 
least substantially reduced, by adopting a compensation, 
a primary and a secondary compensation, of the local 
armature ampere turns under the main polar segments, 
uniformly distributed along the airgap under these 
segments. 

For the value of the power amplification factor under 
unidirectional static conditions, we may argue as foll- 
ows: It is easy to determine the value of the primary 
current necessary for creating the primary flux inducing 
the nominal secondary voltage, and hence to determine 
the necessary ampere-turns, say A,, that the pilot 
winding must impress for obtaining said primary curr- 
ent, corresponding to a pilot power f, The value of the 


ratio , where Py is the nominal power of the 


Po 
Py 
machine, oscillates, for the many units calculated by 
the author, between 10 000 and 100 000 according to 
the size and nominal speed of the machine. 

Yet the pilot winding must develop not only the 
ampere turns 4, , but also the ampere turns A, corresp- 
onding to the non compensated part of the secondary 
armature reaction, the ampere turns A; corresponding 
to the primary stabilizing winding, and the ampere 
turns A, due to increase of the primary current because 
of a possible partial compensation of the primary ar- 
mature ampere turns, and because of the presence of 
the secondary stabilizing winding creating ampere turns 
antagonistic to the primary current armature ampere- 
turns; thus the total ampere turns, A, that the pilot 
winding must develop is the sum of all previous ones: 


(5) AAA r At Ag 


Quantities Ag, A; are proportional to the intensity 
of the primary current; quantity A, is proportional 
to the intensity of the secondary current, and quantity 
A, is a linear homogeneous, function of both. 

The power absorbed by the pilot winding is proport- 
ional to the square of the total ampere turns A, hence 
the interest to reduce terms A,, A;, A; each of which 
is frequently much higher than A;. 

Term A,, generally the largest, can be reduced by 
increasing the degree of compensation of the secondary 
armature ampere turns and it is reduced to zero when 
the degree of compensation reaches 100%. But the 
reduction of the reactivity of the metadyne impairs 
its quick response and shifts the representative point 


(1) The figures 50, 51, 53, 54, 55, 56, 57, 58, 59 are non-exist- 
ent on the original writing. 
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of its operation in the Gauss plane near the frontier 
of the stability domain. 

Similarly A, is reduced by reducing the primary 
kinetic resistance and disappears when there is no 
primary stabilizer, but the latter is a main factor, for 
the reduction of the overall practical duration of the 
vanishing transients of the brush currents. 

Term A, is reduced by eliminating the primary hypo- 
compensator, by adding a primary amplifier, at the 
expenses of the quick response and the constancy of 
coefficients f figuring in equation (I). 

A compromise is generally accepted and the power 
amplification factor for the asymptotic d.c. values cor- 
responding to the nominal power oscillates for practical 
applications between following values 500 and 5000. 

It is important to note that the value of the power 
amplification varies rapidly with the load and the na- 
ture of the function f (V, I) = 0 correlating the output 
voltage and current. Take the losses corresponding to 
ampere turns A4,, they vary with the square of A; 
and therefore the corresponting component of the po- 
wer amplification factor tends to infinite when the 
output voltage tends to zero. 

The value of A, itself may be reduced, say, by slightly 
overcompensating the secondary but instability becomes 
then almost certain. 

The component of the power amplification factor 
corresponding to ampereturns A, is, on the contrary 
tending to zero when the load decreases and the chosen 
law of amplification is represented by equation (1). The 
influence of the other terms, A, and A, may be similarly 
commented. 

The influence of speed variations upon the fidelity 


A 
to law (1) depends chiefly on the ratio > ; the higher 
0 


this ratio the lesser the influence. Fig. 51 represents this 
influence for a unit tested at the University of Min-- 
nesota; this influence is negligible when speed variat 
ions are of the order of a few percent as it is the usual 
case. 

Instead of the law (1) corresponding to an horizontal 
characteristic a d c shown in fig. 52 we may chose foll- 
owing one 


(6) Ira = RyIy + RaI8 + ReIge+k,V, 


where V, is the voltage induced by the consumer, and 
in particular, the difference of potential Egp between 
the secondary terminals of the metadyne; d de or dfg 
are such characteristics. 

The arrangement of the stator winding, the fidelity 
with which law (6) is followed and the value of the 
power amplification factor, may be commented in a- 
similar manner as here above developed in connection 
with law (1). 

Fig. 53 shows such characteristics obtained at the 
laboratory of the University of Minnesota. 

Let us now consider following law: 


represented by the vertical straight line 4 È in fig. 52. 
We may write equations (2) as follows: 


< Ezp 
ac Ri 


pe 
2 


where f,/ comprises ohmic and kinetic resistance inside 


Ra fg Ro lg = Na ROITIGIE 


(8) 


n Kala — Ro Ira= + Em(! _ o 
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the metadyne. Solving for I,, and Egp, we obtain: 


ò 
(n KoIra — Zn Ka 18) ( + n KÉ, 


I 


PRITSARI 


R 
li = 5 ui: = 
LA GA 
n° KrKi - — Ra|1+ n Ki; 
Foe "sto 
(9) 7 $ 
(Rn Ro + %° Kr Ko)Irxa —-nKnZn Ka Id 
Ezp = 
A, PRE 
n° Kr Kio — Ra|1+% Kia 
Ri Ry 


If a voltage Egzp independent of the load is desired, 
then following equation must be satisfied: 


(10) Vada: I + n? IK IG = 0. 


We may instance chose: 
(11) 


and then /,, will also be independent of the load. 

Les us connect the shunt windings 4 and 5 across 
two points of the external circuit between which the 
kinetic e.m.f. V, is induced without appreciable ohmic 
drop. Then conditions (11) become: 


(12) 


and the voltage V, becomes independent of the load 
but stability is then precarious. 

Formula (9) shows how we may obtain any desired 
linear characteristic referred to same system of coor- 
dinates as in fig. 52, but inclined with respect the ver- 
tical. 


Bio ,52. 


Same formula shows that speed variations would 
effect the voltage Ezp with practically the same error 
in percentage, if the shunt windings and the primary 
stabilizer are omitted. 

Let us now turn our attention to variations respect 
time. 

The schema of fig. 49 is investigated in many sections 
of the previous Chapters, and a variety of means for 
improving the stability of the operation and for in- 
creasing the rapidity of response are there indicated. 
Comparing these means with the requirements here 
above indicated for increasing the value of the « power 
amplification factor » and for reducing the value of the 
« distorsion factor» we find most of them divergent; 
in other words most means enhancing stability and 
quick response, hamper power amplification, and fidelity. 

The device using auxiliary amplifier metadynes for 
energizing the stator windings of the main metadyne 
is a mean enhancing both stability and quick response 
if properly used. 

The reason why means improving quick response, 
reduce power amplification may be easily visualized 
arguing as follows: 
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A.) In order to increase quick response the pilot 
current causes the rapid surge of comparatively high 
values of e.m.f. tending to establish the desired asym- 
ptotic value of the output currents and therefore the 
power involved in the pilot circuit increases generally 
with the square of the induced e.m.f. and hence the 
power amplification factor decreases with the same law. 


B.) The frontier variety separating the stability 
domain from the domain of instability without oscil- 
lations separates points where with a small original 
power causes a definite output from point where same 
small original power causes an output tending to in- 
finite. Let us arrange for the pilot current to supply 
this original power and for the representative point 
to remain within the stability domain and approach 
the here above mentioned frontier variety. The more 
we approach said frontier variety, the higher become 
the value of the power amplification factor, but also 
the greater the danger that a small cause will shift 
to instability. 

The device using auxiliary amplifier metadynes is 
favorable to both increase of power amplification factor 
and quick response because it introduces an indirect 
increase of power due to transformation of mechanical 
power to electrical power performed by the rapid ro- 
tation of the amplifier metadynes. 

In «Metadyne Periodics» a complete chapter is 
assigned to the construction of graphic characteristic 
recording the operation of an S generator  metadynes 
under alternating current of variable pulsation. Such 
characteristics will be considered further in « Metadyne 
Combinatory », in connection with cybernetics. 

Fig. 54 and 55 show series of S amplifier metadynes 
constructed for standard application and the graphic 
representation of the corresponding transfer function. 
Similar are fig. 56 and 57 relative to a 20 kW system 
for a simulator used in the control of guided missiles. 
Fig. 58 and 59 refer to the metadyne laboratory of the 
University of Minnesota. 

In this section we have, so far, silently admitted that 
the motor driving the S G M is able to rotate at a const- 
ant speed developing any torque required by the am- 
plifier metadyne. Now we will assume that the driving 
torque is constant and that the amplifier metadyne 
is further provided with a regulator dynamo. We may, 
for instance follow, the general schema shown by fig. 60 
where the S.A M is shown driven by a compensated, 
dynamo M energized by a metadyne source, generator 
or transformer, and controlled by the excitation wind- 
ings II, 12, 13. The amplifier metadyne comprises any 
series stator winding, the already considered secondary 
variator windings I, 2, 3, the shunt windings, 4, 5, 
and a primary regulator winding 6 traversed by regu- 
lator current /, supplied by regulator dynamo RD 
connected to a battery B 7. 

The current, Y,j, supplied by the metadyne source 
is controlled by secondary variator winding 14, 15, I6. 
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No ausiliary amplifier metadynes are shown by fig. 60 
for an easier inspection of the schema, but they are 
assumed to be operating. 

If the speed n is very closely regulated as to admit 
it constant the static equations are following: 


: $ ; Vap 
Ra tut #Kola= WE add + ieri 
Ry 
x Va 
(RIA Kia TTT TT 
Ig 
HR Ip 
Ven lira Sf IR5 DI n R, id ale ie 
nhl(i, + +t)(YVatYgt Y,,) 


where V xp is the voltage between terminals B and D; 
Ry is the ohmic resistance of the secondary circuit 
inside the amplifier metadyne; , are losses due to 
friction, iron hysteresis, shunt windings; %,; %2, % are 


Fig. 60. 


the currents traversing windings II, 12, 13 and Y,, 
Yg. Yy, the currents traversing windings 14, I5, I6. 


2 
ac? 


with respect the other, the third of equation (13) yields 
readily the output voltage current characteristic. 


If we neglect terms KR, I and P, as very small 


Term R, I} is generally small the other two remain- 
ing terms and may neglected; the characteristics are 
then equilateral hyperbolas when the product (î,+î, +%) 
(YatYE + Y,) is constant, as shown in fig. 61. If term 


td 


IS 
gN 


Fig. 61. 


R; ih: cannot be neglected then one of the asymptotes 


does not coincide with the coordinate axes. Currents 
t,, %, tw, and Y,, Yg, Y,, may then be considered 
as pilot currents and the two first equations (13) de- 
termine /,, and I, as functions of currents ZL, , Is, I 
i i VE TOOTER 
We have here an amplification which follows a non 
linear law. 
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Let us assume that the consumer 10, comprises a 
resistor of resistance R, and a machine inducing the 
electromotive force V, and having a negligible internal 
ohmic drop; further that windings 12 and 15 are shunt 
connected across said machine of the consumer; that 
windings II and 14 are traversed by arBitrarily pre- 
determined currents, and that windings 13 and 16 
are traversed by /ya . Then the third equation (13) may 


be written as follows, if terms RR, 1° land <P; re 
neglected: 

Vi Tia:k Ro, 1a HANNA Dda e 
-(a' V,+D'Isa + ) 


and by ordering terms: 


(14) o = 4 V,° + 20,2V,Iva + 2421°ra + 
+ 20,3 V, + 42, Ira + 43 
where 
dI 2ag = —I+(ab'+a0)nk; 
2 Agg = URDO — Ri; 
(15) 
Zid =) 2 Upg = Mr 
dia = Iki 6% 
a' b’ 


, 


c' c' 
and through them we may determine all five ratios of 
the coefficients of equation (14): 

di dz a = ds 


È) ’ ’ 


We dispose of 5 parameters, say 4, b, c, 


and and hence give 


form. If the coefficients of all linear terms are eliminated 
the center of the conic lies on the origin of the coor- 
dinate axes. We may have hyperbolas, parabolas, ellipses, 
and circles located at any place of the axes. 


4.) AMPLIFIER METADYNE TYPE C A M. 


Fig. 62 shows the schema of an amplifier type C A M; 
the primary terminals, A, C, are connected to a d.c. 
network of voltage, V,; the secondary terminals B, D 
are connected to a consumer. The amplifier metadyne 
operates simultaneously as transformer and as a gene- 


Fig. 62. 


rator driven by a motor at a constant speed n. There 
are any series windings and further three pilot windings 
I, 2, 3 and four shunt windings, 4 and 5 connected to 
the secondary terminals 6 and 7 connected to the pri- 
mary terminals. The consumer ro is characterized by 
resistance R, and e.m.f. V,. 
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The static equations may be written as follows: 


RI 


GRATA TOO 
+nKxe  — +nKi  — —_——_—_ 
(16) Rn Rt 
n rolla = 
Ò n UO, 4 Ri Togark Vi 
= —WV,—-% Ka —n Kia ————__—- 


Solving equations (16) for I, and /)j, we obtain: 


much higher than for values very different from zero. 
Yet the SA M is practically unmagnetized for values. 
of said sum substantially equal to zero and the reman- 
ent magnetism, affects heavily the exactitude of the 
operation. On the contrary the magnetic circuit of the 
CA M is still magnetized to an extent proportional 
to the primary voltage V, when the sum (20) is around 
its zero value and hence hysteresis affects very little 
the operation. 

It is important also to note that, in case it is desired 
to have the output current exactly potortional to sum 


(20), it is not necessary that the primary voltage be 
constant. 


$ 
CM III EI VAIO 


(17) Tra = 


Ra (1 — n KS, 


ah Hi 


I 
+tnKr{I1-kb Ho =i 
Ren Rn, 
(18) Ta0: TRI 
b= Ra|1+tnKa-—_|+%nKxnK,—- . 
‘005 ui 


We dispose of the values of four parameters: 


I I I IL 
5 DES: DEE Ki, 3 cirio (eve 
Ri Ri Rn Rn 


hence we may give any desired value to coefficients 
a and d and thus obtain an output current /, as any 
desired linear function of the pilot current and the 
voltages V, and V,,. In particular fora = 0 and d = 0, 
we have an output current exactly proportional to 
any linear combination of the pilot currents. 

Solving equations (16) for /x,, and V,, we have: 


—n Kx,Zn i Iè +cV,+d1xa 


= 
e 
Ra {L4 7Kya Link Roo 
R R 
(4 (4 
where 
I I 
(10) c= — Rn o — n sofa 
ten Ity 


RO 
d= Ra| Ro — Kia + 
Ri 


t R 
+ n Kr DER ii USO 


) 
suc 

These formulae show that, by conveniently setting 
our free parameters, we may obtain a voltage V, as 
any desired linear function of the pilot currents, the 
primary voltage V, and the output current. In parti- 
cular if we set c = o andd = o the voltage V, is exactly 
proportional to any linear combination of the pilot 
currents. 

Thus the C A M is reacher in possible combinations 
than the SAM considered in the previous section. 
Further there is another important advantage of the 
former amplifier; there are applications of great interest 
where a high fidelity is required around the zero value 
of the sum: 


©) 
(20) Zn Kat 
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Adding a plurality of primary variator windings, as. 
indicated in fig. 61 by 11 and 12, another way of con- 
trolling the output is offered. To the numerator of 
formula (17) following term is added: 


R En E; Ig 


where /g is the generic symbol for the pilot currents. 
traversing said primary windings. 

To the numerator of the first formula (19) same term 
is added. The intensity of the action of the secondary 
pilot current as compared to the action of the primary 
pilot currents is measured by the ratio 


NOK 


R7 


Let us assume now that the primary voltage, V,, 
and the primary current, /x,, are correlated by: 


(21) SV, Ta) = 0 


what will be the output? 
To equation (21) we must add the two equations (16): 

completed by term: 

at) 

(22) = SU, 

into the second member of the second equation (16). 

Let us solve the thus completed equations (16) with. 


respect Ia, and V, and substitute into (21); we will' 
have the equation 


(28) Ae oi 
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correlating the output current and voltage. If (21) is an 
albegraic equation of order 4, (23) will also be an alge- 
braic equation of same order whose coefficients are 
linear functions.of the pilot currents. As in fact the 
sums (20) and (22) act as two independent parameters, 
the CA M will operate as'‘a transformer of equation (21) 
to equation (23) by modifying two coefficients. This 
suffices for instance for transforming the nature of 
any conic (even a degenerated one into two straight 


lines); we may thus have, for instance, an hyperbola 
from an ellipse or a parabola from two straight lines 
(or a double straight line). 


5.) AMPLIFIER TRANSFORMER METADYNE TYPE CROSS 
TM. 


The schema is shown by fig. 63 similar to fig. 62 
except for the addition of a regulator dynamo, RE, 
and two regulator windings, 8, 9. (?) 


(2) Here is ended our accc unt for suspension of original writing, the group of initial four chapters (I, II, III, 


IV) of Metady DinamicS: « LINEAR TRANSIENTS). 
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